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l. JnNPROpUCTION 


The following is an excerpt from a Chief of Naval Infor- 


mation release dated 13 September 1985: 


Monterey, Calif. (NNS)--The Naval Postgraduate School 
here will study the relationship between Graduate Record 
Examination (GRE) test scores and a graduate student's 
performance. 

Starting April 1986 and running for three years the 
Naval Postgraduate School will administer the GRE General 
Test to all its entering students to determine if GRE 
scores provide better uniformity in judging intellectual 
Capability and whether there is a correlation between test 
scores and a student's success in graduate school. 

The GRE will be administered within two weeks of the 
student's arrival here at the government's expense.... 

This study will not affect applications to the Naval 
Postgraduate Program, which will be processed as before. 
The annual Graduate Education Selection Board will 
continue to use a three digit academic profile code (APC) 
to determine whether an officer meets the minimum academic 
prerequisites to be considered for selection to a fully- 
funded graduate education. The selections will continue 
to be based on consideration of professional performance 
and APC scores. 

NAVNEWS 005/85 
[Ref. 1] 


The intention of this thesis is to examine the relation- 
ship between Graduate Record Examination scores and student 
success at the Naval Postgraduate School and to confirm, or 


otherwise, findings in previous studies. 


A. BACKGROUND 

In this period of evertightening defense dollars and 
threats of Congressional cuts to officer manning levels, it 
is increasingly important that the Navy use the best avail- 


able methods of selecting students for advanced education. 


This would ensure that those individuals who would not 
succeed in graduate institutions are not sent to the Naval 
Postgraduate School when they could better serve the Navy 
elsewhere. 

Not only is the cost of maintaining a graduate institu- 
tion considerable, but there are significant opportunity 
costs to the Navy in having officers not performing their 
regular military duties. To the individual officer not 
suited to graduate education, the cost of attending school 
is also high; dropping out, never completing a thesis, 
failing to get a degree, or failing to get a P-code have 
serious negative impacts on an officer's career progression 
and potential for continuation to retirement. 

On 15 October 1984 the Graduate Education Review Group 
(GERG) met to review the status of graduate education in the 
Navy. On 17 October the Graduate Education Review Board 
(GERB) met to consider the issues arising from the preceding 
meeting. (Ref. 2] Appendix A lists the participants. 

Action items emanating from these meetings included the 
following: 

NPS/OP-01 explore the use of indices to measure the 
quality and potential of entering graduate students. 
National norms such as the Graduate Record Examination 
should be considered. These factors could ultimately 
provide useful broad-based correlations on subsequent 


student academic performance and provide useful quality 
CONtCEOl data ake aael 


Currently, entry into Navy-sponsored graduate education 
1s based on professional military performance and the 
Academic Profile Code (APC). 


This 1S a numerical three-digit code assigned by the Post- 
graduate School to all commissioned officers after a year 
of commissioning, and it reflects the officer's undergrad- 
uate performance with respect to his/her overall grade 
point average (first digit), mathematics exposure (second 
digit), and physics exposure (third digit). Each offered 
curriculum has associated with it a threshold criterion 
based on an APC. ([Ref. 3] 


However, the Academic Profile Code has7~ several 
deficiencies: 


- It doesn't completely allow for the differences in 
academic standards and grading standards that exist 
between various colleges and universities. 


= It has a bias toward engineering, whereas many of the 
offered curricula are non-technical in nature. 


- Verbal and written skills are not measured. [Ref. 3] 

Through further correspondence to the Chief of Naval 
Operations (CNO), the Superintendent, Naval Postgraduate 
School amplified this point by explaining, 


The existing procedure for assessing an individual's 
undergraduate academic transcript and then assigning an 
academic profile code (APC) is a useful but crude system 
for speeding up the deliberations of the postgraduate 
education selection board, for it relieves the board 
members from having to make academic assessments. The 
deficiencies of the APC system regarding inconsistencies 
among grading practices at various schools is difficult to 
overcome!....The APC contains inherent limitations, for it 


lnacademic standards vary significantly over...schools. 
NPS has experienced an officer with a B.A. in math that had 
never taken a calculus course (nor was he capable of 


mastering calculus as it turned out). The NPS ‘'APC' system 
is a process which reduces an entire undergraduate 
transcript to three digits....Clearly the APC iS a very, 


very crude instrument but it is more efficient than 


is merely an assessment of past academic records and not 
an examination of knowledge. 

The cost to the Naval Postgraduate School of perform- 
ing the APC transcript evaluations for one year group is 
approxene ce Seok, per year, or about $9 per officer 
accession....The GRE is recognized by American academic 
standards as the best nationally based testing instrument 
and most other graduate schools require it as a condition 
of admission. GRE data would allow for the tracking of 
academic quality over time....From an academic point of 
view the best time to administer the GRE would be just 
before the individual graduates from college. This timing 
would capture knowledge of the preceding four years of 
school work and would serve as a measure of intelligence. 
It would require about 7000 examinations a year at a cost 
of about $25 apiece...for a total funding requirement of 
about $175K. 

.there is already a ten year investment in the APC 
program which should be not be abandoned. ([Ref. 5] 


However, implementing a requirement for all commissioned 
officers to take the Graduate Record Examination in their 
last year of college or during Officer Candidate School 
(OCS) would “ensure a standard of uniformity that does not 
now exist...." [Ref. 3] 

Convinced that the method chosen to select officers to 
receive "valuable graduate education must be as valid and 
meaningful as possible" [Ref. 6], the Chief of Naval Opera- 
tions formally tasked the Naval Postgraduate School to 
conduct a three-year study to determine "the necessary 


expecting the 40-60 officers convened for the postgraduate 
selection board to be able to decipher transcripts from 500 


plus different schools and systems. However the implicit 
assumption in the APC system is that all schools are of the 
same quality! A recent National Institute of Education 


study (December 1984) notes, ‘Graduate schools do not treat 
college diplomas as equivalent although it is- still 
considered impolite to talk openly about the differences in 
standards among colleges--for which reasons standardized 
tests are used in the graduate school admissions process.'" 
(Ref. 4] 


correlations between various possible predictors and 
performance." (Ref. 6] He further tasked the Superinten- 
dent to "brief the Graduate Education Review Group (GERG) 
annually on the status of the study and make a final recom- 
mendation to the GERG in October 1989." (Ref. 6] Te 
support this study, he also directed students entering the 
Naval Postgraduate School "starting in April 1986 and 
beyond" [Ref. 6) to take the Graduate Record Examination. 
Funding to cover the cost of administering the Graduate 
Record Examination at the outset of the study was thought to 
be the responsibility of the Navy, in particular, the Naval 
Postgraduate School. PReE. a7) However in April 1987 the 
Defense Activity for Non-Traditional Education Support 
(DANTES) advised the Navy that "both the GRE and GMAT are 
funded by DANTES for administration to military personnel." 


(Ret. 83 


B. PURPOSE 
This thesis has the following objectives: 


- To contribute to the body of knowledge in the Naval 
Postgraduate School's ongoing three-year study of the 
Graduate Record Examination by determining whether or 
not the Graduate Record Examination predicts student 
success at the Naval Postgraduate School better than the 
currently used Academic Profile Code. 


- To determine whether or not results obtained in earlier 
studies during this time frame can be validated using 
more current data. 


- To compare the predictive value of the Graduate Record 
Examination for the different Naval Postgraduate School 
divisions--Policy and Information Sciences Division (05) 
and Sciences and Engineering Division (06). 


C. METHODOLOGY 

Because the Graduate Record Examination is now adminis- 
tered to all new students within a few weeks of their 
arrival at the Naval Postgraduate School, a data file of 
Graduate Record Examination scores from the Educational 
Testing Service could be compiled for all NPS students. 
Additional data from registrar and admissions files were 
collected on Academic Profile Codes, grades and student 
demographics. Statistical analysis of these data consists 
of a series of correlations as a standardized means of 
measuring associations between variables as well as regres- 
sion analysis to determine the relationship between these 
various predictors and success at the Naval Postgraduate 
School. The statistical package used in this analysis is 


SAS, a trademark of SAS Institute Incorporated. 


D. LIMITATIONS 

This study is limited to U.S. Navy students who have 
already been selected and are currently attending or have 
graduated from the Naval Postgraduate School during the 
three-year Graduate Record Examination test period (April 
1986-April 1989). Excluded were students from other 
branches of military service, international students, 
continuing education students, aviation safety students and 
part-time students assigned as Naval Postgraduate School 
staff. The study is further restricted to students who have 


completed exactly six academic quarters. This allows the 


most equitable evaluation of students who have graduated 
from 18-month curricula as well as students who have 
completed the majority of a long curriculun. 

In order to maintain consistency with prior studies 
during the Graduate Record Examination test period, students 


40 and older were also eliminated. [Ref. 9] 


II. PRIOR RESEARCH 


Worthy of note as part of the three-year Naval Postgrad- 
uate School study is the June 1988 thesis conducted by 
Transki. In her literature review she summarizes previous 
studies of the Graduate Record Examination as a predictor of 
academic success at the Naval Postgraduate School from the 
1960's to the present. It is recapitulated here. 


A. 1960'S 
1. Martz/Rushin 

In 1962, Martz and Rushin produced the first of 
this series of theses examining the use of the Graduate 
Record Examination in the management curriculun. They 
considered the Graduate Record Examination, the California 
Analogies and Reasoning Test and the Navy Officer Classi- 
fication Battery. After performing a number of statisti- 
cal tests on data collected from the 1962 class (N = 94), 
they determined the Graduate Record Examination was the 
most statistically significant of the instruments 
examined. Their recommendation to use the Graduate Record 
Examination was couched in hesitant terms, however. 
Specifically, the Graduate Record Examination (aptitude) 
produced by the Educational Testing Service was found to 
be the best of the three instruments considered but is 
encumbered with certain restrictions that reduce the 
adaptability for Navy-wide testing as proposed in this 
study. The Graduate Record Examination is recommended as 
a highly effective tool for faculty-student counselling 
and guidance programs.... 

2. Kauder/Ebert 

The second in the Management School theses series 
was written in 1963 by Kauder and Ebert. They studied the 
Navy Officer Classification Battery, the Graduate Record 
Examination and the Navy Officer Qualification Test. Sta- 
tistical analysis was conducted on the class of 1963 (N = 
94) with a statistical reliability of 95 percent. Kauder 
and Ebert concluded that the Graduate Record Examination 
had a very high validity and was, in fact, the best 
predictor of the three options. Based upon this conclu- 
Sion, they recommended the Graduate Record Examination be 
used as the admission criterion.... 


3. Dreese/Russel 

Finally, in 1964, Dreese and Russel examined the 
Graduate Record Examination, the Structured-Objective 
Rorschach Test-Sort, the Allport-Vernon-Lindzey Study of 
Values and a local questionnaire of motivation. They 
studied the management class of 1964 (N = 99). After 
extensive statistical correlation, they concluded that the 
Graduate Record Examination was an "excellent predictor of 


academic performance"...and should be administered to 
management candidates.... 
Bi a927,0'°S 
1. Cook 
Worthy of mention is a thesis conducted in 1974 by 
Cook. This paper is concerned with the merits of the 
Graduate Record Examination, the Strong Vocational 


Interest Blank, a biographical questionnaire and under- 
graduate academic performance in determining success in 


the Communications Management curriculum (N = 42). This 
thesis, unlike the previous studies, considered not only 
psychological and testing instruments, but also the 
Educational Potential Code. The Educational Potential 
Code was an earlier version of today's Academic Profile 
Code. His conclusion did not specify which of these 


instruments was best, but instead built a series of tables 
with combinations of indicators to assist in student 
selection.... 
2. Elster 

In August of 1974, Professor R.S. Elster prepared 
a letter to the Naval Personnel Research and Development 
Center offering a manual to be used by the graduate 
education selection boards. It contained prediction 
tables for four curricula. These tables were based on 
such factors as undergraduate grades, undergraduate 
university "school scores," age, foreign language ability, 
whether or not the officer was a Naval Academy graduate, 
rank, Graduate Record Examination scores and whether or 
not the officer had an engineering degree. The tables 
were to be used after the selection boards had considered 
professional military performance and undergraduate 
academic performance.... 
Cy 1980'S 

1. Michealson/Phillips/Jeong/Lee 

In a 1985 class project, Michealson, Phillips, 
Jeong and Lee attempted specifically to look at correla- 
tions between final grades and the Academic Profile Code, 
as well as final grades and undergraduate grade point 
averages. They studied the December 1984 graduating class 
(N = 52). They found the highest correlations among those 
students who were Naval Academy graduates and those 
students who were in technical curricula. One would 
expect this result since the Academic Profile Code 


measures not only the undergraduate grade point average, 
but also exposure to technical curricula.... 
2. Blatt 

Blatt used an analysis of variance technique to 
look at students in the Operations Analysis curriculum (N 
we 59 He was interested in student performance as 
measured by the Academic Profile Code, time since under- 
graduate studies, which undergraduate college the student 
attended, what kind of degree the student earned, what the 
student's military designator was and whether or not the 
student had attended the math refresher training before 
starting the Operations Analysis courses. He found the 
undergraduate grade point average score of the Academic 
Profile Code to be a significant variable. The math and 
science codes of the Academic Profile Code, however, were 
not meaningful. Other factors he found to be significant 
were the time away from undergraduate studies, military 
designator and type of college degree.... 

3. » Bare Howard 

Perhaps the most definitive and useful study done 
to date was accomplished by Barr and Howard in 1987. They 
took a preliminary look at data collected from the three- 
year study begun in April 1986. Their report encompassed 
320 records of students who had taken the Graduate Record 
Examination and had completed at least three quarters of 
study at the Naval Postgraduate School. 

Their conclusions were five-fold: 

1. Using the Graduate Record Examination in conjunction 
with the other currently used admission criteria 
will significantly improve the prediction. 

2. The best selection of variables is the verbal and 
quantitative scores of the Graduate Record Examina- 
tion used with the undergraduate grade point average 
score of the Academic Profile Code and the student's 
age. 

3. The math and science scores of the Academic Profile 
Code are not significantly useful in prediction. 
They are, however, still an important part of the 
admission criteria. 

4. Predictor significance varies over curricula. 

5. Distinguishing poor performers is difficult using 
the variables available.... [Ref. 9:pp. 4-6] 


As the fourth and most recent study conducted in the 


1980's, Transki's thesis 


-.examines a sample of 198 students who took the Graduate 
Record Examination after arrival at the school and who 
have completed six quarters of study. The results 
indicate that the Graduate Record Examination is a much 
stronger predictor than the currently used undergraduate 


10 


measures (Academic Profile Code). When the Graduate 
Record Examination scores are combined with undergraduate 
grade point average and the officer's age, an excellent 
predictor is developed. The thesis contains, in addition 
to descriptive information and regression results, a 
prediction equation which may be used by Navy selection 
committees in determining whether or not an officer will 
succeed at the Naval Postgraduate School. [Ref. 9:p. 111] 

In addition, two studies from the 1970's were jointly 
conducted by Naval Postgraduate School associate professors 
Senger and Elster in 1974 and 1975. These technical reports 
reviewed a number of research efforts concerned with 
predicting the academic performance of graduate students. 
Concentrating on academic aptitude predictors (Graduate 
Record Examination, Miller Analogies Test and undergraduate 
grade point average), the report tabulated correlational 
statistics used at various universities to analyze the 
relationship between these predictors and the following 
output measures: graduate academic performance; faculty 
rating of graduate students; and completion of degree 
requirements. Findings for the most part showed these 
predictors performed only modestly in predicting academic 
performance. 

However, in the Naval Postgraduate School studies 
reviewed, in which the GRE was used as a predictor, higher 
validity coefficients were found. Correlations between 
grades and GRE (verbal) were .51, .44 and .43, with GRE 
(quantitative) correlations being even higher, .73, .70 and 


-65 for studies conducted in 1966, 1967 and 1969, 


respectively. 


ILI 


In their review of non-intellectual factors as 
predictors of academic performance, Senger and Elster report 
that the selectivity of the college may be a useful 
environmental factor in identifying the meaningfulness of 
various undergraduate grade point averages. [Ref. 10:p. 16] 
Further review of non-intellectual factors in the areas of 
motivation and interest, however, show relatively low 
predictive results. 

Senger and Elster conclude with the observation that 

The necessity to choose from among the applicants to 
graduate schools persists, however, and though the 
relationships between single predictors and criteria are 


not particularly strong, they can be useful for decision 
making.... {Ref. ll:pp. 18-19] 


ie 


Ill. DATA 





To facilitate understanding, descriptions of the data 
used in this study are presented below. They can be divided 


into two types--predictors of graduate success and criteria 


for determining graduate success at the Naval Postgraduate 
School. 


A. PREDICTORS 
1. Academic Profile Code 

Generated by the Naval Postgraduate School, the 
Academic Profile Code is a three-digit numerical summary of 
an officer's undergraduate performance. 

The first digit, generated from Table 1 below, 
reflects an officer's undergraduate grade point average. 
Calculations include failures and repeated courses. (Ref. 
ip. 17 |} 

The second digit represents an officer's exposure to 
mathematics. It is calculated based on Table 2 below. 
Ret. l2sp. 17) 

The third and final digit of the Academic Profile 
Code represents an officer's exposure to science and 
technical fields. It is calculated using the criteria in 


matie 3. {Ref. l2:p. 17] 


i) 


Code # 


TABLE 1 


UNDERGRADUATE QUALITY POINT RATING (QPR) 


QPR CODE 
(1st APC Digit) 
Code # Grade QOPR Range 
O A-/A 3.60--4.00 
‘ji B+ 3.20--3.59 
2 B-/B 2.60--3.19 
2) C+ 2.20--2.59 
5 Below C 0.00--1.89 


Source: JAN 88 Admissions Office Handout 


TABLE 2 
UNDERGRADUATE MATH CODE 


MATH CODE 
(2nd APC Digit) 


Calculus-Related Math Courses 


Significant post-calculus math with a B 
average. (Math major or strong math minor) 


Two or more calculus courses with a Bt 
average. 


Two or more calculus courses with a Ct 
average. 


One calculus course with a C grade or better. 


Two or more pre-calculus courses with B 
average or better. 


At least one pre-calculus course with a C 
grade or better. 


No college-level pre-calculus course with a C 
grade or better. 


Source: JAN 88 Admissions Office Handout 
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TABLE 3 
UNDERGRADUATE TECHNICAL CODE 


TECHNICAL CODE 
(3rd APC Digit) 


Significant Upper~-Division 


Physics Course Coverage ina Pertinent 
(Calculus- Engineering or Physical Science 
Based) Discipline 


ae. 2S SS B+ average 
cs ag eee C+ average 
Complete sequence 

completed with 

a B+ average 
Complete sequence 

completed with 

a C+ average 
At least one 

course with C 

grade 
None 


Source: JAN 88 Admissions Office Handout 


For example, 


An APC of 221 indicates a total grade average for all 
college courses in the interval 2.60-—3-19>" a compllece 
sequence in calculus-of-one-variable with a Ct or B 
average, and a major in physics or pertinent engineering 
area with upper-division courses with a C+ or B average. 
(Ref. Gzip 17 | 


2. Graduate Record Examination 
a. The Test 


The GRE General Test measures and yields separate 
scores for the general verbal, quantitative, and 
analytical abilities students should have acquired to be 
successful at the graduate level of education.... 

The verbal measure (two 30-minute sections) employs 
four types of questions: antonyms, analogies, sentence 
completions, and reading comprehension sets.... 

The quantitative measure (two sections) employs three 
types of questions--discrete quantitative questions, data 
interpretation questions, and quantitative comparison 
questions--to test basic mathematical skills, understand- 
ing of elementary mathematical concepts, and ability to 
reason quantitatively and solve problems in a quantitative 
setting.... 

The analytical measure (two sections) employs two 
types of questions--analytical reasoning and _ logical 
reasoning.... | (Refuse 


lor Scores 


Scores on the Graduate Record Examinations are 
reported as three-digit scaled scores with the third digit 
always zero. Thus, a reported score of 530 represents all 
the scaled scores from 525.00 through 534.99. 

Since October 1, 1981, the maximum obtainable verbal, 
quantitative, or analytical ability score on the GRE 
General (Aptitude) Test has been 800. The minimum score 
1s 200. 

-.-maximum and minimum have no absolute significance. 
That is, for example, an 800 score does not indicate 
complete knowledge nor does a 200 score indicate no 
knowledge at all. Nor does any score indicate what 
fraction of a given body of knowledge a student has 
mastered.... [Ref .. 13) sera } 


LG 


c. Graduate Record Examination Scores as Admissions 
Criteria 


Scores in the GRE General Test have certain advantages 
over the other elements to be considered because, unlike 
undergraduate records, which are based on different 
courses and instructors for each applicant, the GRE 
General Test demands the same or equivalent tasks of 
everyone. This standardization permits comparison of one 
applicant to a graduate school with other applicants for 
the same program at that institution as well as with 
everyone else who took the test. [Ref. 13:p. 10] 


However, GRE scores should never be the sole basis for 
an admission decision. 


3. Student Demographics 
To protect the privacy of the individuals involved 

in this study, names are not included in the data. However, 
the following demographic factors are included: 

- sex, 

- date of birth, 

- rank, 

- designator, 

- type of undergraduate degree, 

- curriculum at NPS, 

- date of undergraduate degree, 

- date of GRE administration, 

- date reported to NPS, 


- age at time of GRE administration (computed) , 


“Age at time of GRE administration was computed by 
subtracting date of birth from the date of the examination. 


i? 


- time since undergraduate degree and GRE administration 

(computed) 3. 

B. “GRITERION 

The criteria used to measure academic success can take 
several forms. Student self-ratings, faculty ratings of 
students other than by grades, quality of thesis, completion 
of degree requirements, involvement in campus affairs, and 
grade point average are some of the possible indicators of 
graduate school success. Each of these criteria has its 
advantages and disadvantages. 

The criterion chosen for use in this study is the grade 
point average because of its relative objectivity, ready 
avallability, and ease in quantifying and interpreting. 

1. Standardized Quality Point Rating (ZQPR) 

The Naval Postgraduate School's label for grade 
point average is "Quality Point Rating" or "QPR." The 
Quality Point Rating is calculated based on the values 
indicated in Table 4. [Ref. 12:p. 14] 

When the quarter-hour credit of a course is multiplied 
by the point value of the student's grade, a quality point 
value for the student's work in the course is obtained. 
The sum of the quality points for all courses divided by 
the sum of the quarter-hour credit of these courses gives 
a weighted numerical evaluation of the student's perfor- 
mance,...(QPR). A student achieving a QPR of 3.0 has 


maintained a B average in all courses undertaken with a 
proper weight assigned for course hours. [Ref. 12:p. 14] 


3Time since undergraduate degree was computed by 
subtracting date of undergraduate degree from the date of 
the examination. 
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TABLE 4 
QUALITY POINT RATING COMPUTATION 
Grade Points 


A 
ne 
B+ 
B 
Re 
Cx 
Cc 
C= 
D+ 
D 
Xx 


W ss) Ws] 


Ws) 


OFrRPRPRPNNNWWW 


To successfully complete the requirements for a 
Master's Degree at the Naval Postgraduate School a student 
must attain "a quality point rating of at least 3.00 in all 
graduate courses in the curriculum, and either 2.50 in the 
remaining courses or 2.75 in all courses in the curriculum." 
(Rete 1l2:p. 7) 

Because grading standards vary even within institu- 
tions, an attempt was made in this study to standardize 
Quality Point Ratings with respect to the various grading 
practices among Naval Postgraduate School departments. 
Standardized scores were arrived at by dividing students' 
cumulative graduate Quality Point Ratings by a department 
factor. The individual department factors were calculated 
by dividing the department's QPR average by the entire 
school's QPR average of 3.47. (Ref. 14} Table 5 shows the 


computed department factors. 


Ibe, 





Code Department Factor 
a2 Computer Science 1.029 
Sa Mathematics .994 
54 Administrative Sciences .983 
55 Operations Research .997 
56 National Security Affairs 1.069 
61 Physics (relatively tough grading) .963 
62 Electrical & Computer Engineering -986 
63 Meteorology 994 
67 Aeronautics 1.026 
68 Oceanography -986 
69 Mechanical Engineering 1.006 
gil Antisubmarine Warfare Academic 

Group (relatively easy grading) 1. 156 

72 Electronic Warfare Academic Group -986 

vie Space Systems Academic Group .991 
74 Command, Control & Communications 

Academic Group 1 «Ode 

NPS--All Departments 1.000 


TABLE 5 


DEPARTMENT STANDARDIZING FACTORS 


Standardizing grades using the above department 
factors makes the use of cumulative graduate Quality Point 
Ratings a better comparative measure of success at the Naval 


Postgraduate School. 
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IV. ANALYSIS 


In order to examine the relationship between Graduate 
Record Examination scores and student success at the Naval 
Postgraduate School and to maintain consistency with prior 
studies during the April 1, 1986 to April 1, 1989 test 
period, this thesis attempts to replicate as closely as 
possible the procedures of the June 1988 Transki study. 

As explained in Chapter I, this study is limited to U.S. 
Navy students who have completed exactly six academic 
quarters at the Naval Postgraduate School. This allows the 
most equitable evaluation of students who have graduated 
from 18-month curricula as well as students who have 
completed the majority of a long curriculum. 

The Transki study analyzed the data associated with the 
198 students who had completed exactly six quarters in 
December 1987. Similarly, this study analyzes those 
students who have subsequently completed exactly six 
quarters at the Naval Postgraduate School. Data available 
for analysis include 95 March 1988 sixth-quarter students 
and 102 June 1988 sixth-quarter students for a total of 197 
students. This is one student less than in the initial 


study. 


Zak 


A. DESCRIPTIVE STATISTICS 
In this analysis, 
labels as in previous research: 


Academic Profile Code 
Undergraduate Quality Point Rating Code 
Math Code 
Technical Code 


Graduate Record Examination 
Verbal 
Quantitative 
Analytical 


Other Variables 

Age at time of exam (in years) 

Time since undergraduate degree 
(in years) 

Standardized Graduate Quality 
Point Rating 

Predicted Graduate Quality Point 
Rating 

[Ref. 9] 


Table 6 shows the mean, 
the continuous 


TeaeneLtelede 


TABLE 6 


CONTINUOUS VARIABLES--SIXTH-QUARTER DATA 
(MAR 88/JUN 88) 


VARIABLE N MEAN MINIMUM MAXIMUM 
AGE BUS) 7 30.92 29 oe 
AG 2 3 TS 2 16 
VB Be) 549.64 310 800 
QT sy 629.09 370 800 
AN sUS hi 573.76 260 800 
APC1 iMeNS: 1.94 0 4 
APC2 196 2.18 0 6 
APC3 9'6 3.24 0 2 
ZQPR ro? Soe 2.45 4.48 
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variables have been given 


the same 


APC1 
APC2 
APCS 


VB 
OE 


AGE 
Aly 
ZQPR 


QPR* 


minimum and maximum values for 


variables using the variable labels just 


STD DEV 


320136 
2.98 
91.45 
98.26 
105.42 
0.86 
1.04 
1.54 
O237 


Table 7 shows the relative percentages of females and 


males in the sample. 


TABLE 7 


SEX--SIXTH-QUARTER DATA 
(MAR 88/JUN 88) 


SX FREQUENCY PERCENT 
F 36 183 
M 161 Sule. 7 


Table 8 shows the breakout of students by rank. 


TABLE 8 


RANK--SIXTH-QUARTER DATA 
(MAR 88/JUN 88) 





Rank Frequenc Percent 
Lieutenant (junior grade) 1 “5 
Lieutenant 40 20m 
Lieutenant Commander 151 76.6 
Commander 5 21> 


Table 9 shows the breakout of students by officer 


category. 
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TABLE? 


OFFICER CATEGORY--SIXTH-QUARTER DATA 
(MAR 88/JUN 88) 





Category (Designator) Frequenc Percent 
General Unrestricted Line 

bs (ole), aliWoGy . skeny) ) 28 14.2 
Surface Warfare (1110,1115,1117) 62 gol 
Submarine Warfare (1120,1125) 14 Tal 
Special Operations (1140) a O25 
Naval Aviation (1310,1311,1320) ala 155% 
Restricted Line (1460,1465,1510, 

1520,1610,1630,1800) 32 16.2 
Supply Corps (3100, 3107) 27 13% 
Civil Engineering Corps (5100, 

5105) = AO 

TOTAL is 7) 99.8 


Table 10 shows the breakout of students by NPS 


curriculum. 


TABLE 10 


CURRICULUM ASSIGNMENT--SIXTH-QUARTER DATA 
(MAR 88/JUN 88) 


Curricu- 
lum 
Number Clitamrcu Lum Frequenc Percent 
837 Financial Management 25 P2re 
67 Computer Systems Management 18 ol 
360 Operations Analysis Wy 8.6 
570 Naval (Mechanical) 
Engineering iy; 8.6 
368 Computer Science 14 Vek 
815 Acquisition and Contract 
Management sal 5.6 
373 Air-Ocean Science 10 Sul 
525 Antisubmarine Warfare Systems 8 ae | 
847 Manpower, Personnel and 
Training Analysis 8 4.1 
Soe) Weapons Systems Engineering a oe 
590 Electronic Systems 
Engineering 6 2750 
366 Space Systems Operations 5 255 
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TABLE 10 (CONTINUED) 


Curricu- 
lum 
Number Gtiericulum Frequenc Percent 

591 Space Systems Engineering 5 2D 
687 NSA--Nuclear Strategic 

Planning 5 2D 
610 Aeronautical Engineering 4 220 
827 Material Logistics Support 

Management 2.0 
361 Operational Logistics 5 er 
365 Joint Command, Control and 

Communications 3 ee 
814 Transportation Management 3 eS) 
819 Systems Inventory Management 3 d gaia 
825 Intelligence 3 1 
Boy Weapon Systems Science 

(Physics) 2 0 
535 Underwater Acoustics 0 
611 Aeronautical Engineering-- 

Avionics 2 sO 
681 NSA--Middle East, Africa, 

South Asia 2 dl0. 
374 Operational Oceanography il QS 
582 Nuclear Physics (Weapons and 

Effects) 1 O35 
595 Electronic Warfare Systems 

Engineering aD O.s 
600 Communications Engineering li Oks 
620 Telecommunications Systems 

Management 1 O'S 
682 NSA--Far East, Southeast 

Asia, Pacific 3 O25 
684 NSA--International Organi- 

zations and Negotiation 1 Om5 
685 NSA--Western Hemisphere 1 0.5 
686 NSA--General Strategic 

Planning i Oh 5 
813 Transportation Logistics 

Management au i. 5 


Bb. COMPARATIVE STATISTICS 
This section opens by comparing in Table 11 the various 


mean values for the continuous variables and percentages for 


Z25 


selected discrete variables in this study and the Transki 


Transki Study 
(DEC 87) 


198 


1.0 
71.2 
27.8 
0 
31205 
7.65 
545.46 
627.42 
588.38 

1.8¢ 

2.41 

ES 1) 

3.48 


study. [Ref. 9:pp. 17-20} 
TABLE 11 
COMPARATIVE VARIABLES TABLE--SIXTH-QUARTER DATA 
This Study 

Variable (MAR 88/JUN_ 88) 
N 197 
Division Data: 

% DIV 05 61.7 

% DIV 06 37.9 
Sex: 

% Male 81.7 

% Female 18.3 
Rank: 

% Lieutenant (jun. grade) 5 

% Lieutenant 20.3 

% Lieutenant Commander 76.6 

% Commander 225 
Age 30.99 
At: 7.79 
VB 549.64 
QT 629.09 
AN 573.06 
APC1 1.94 
APC2 2.18 
APC3 3.24 
ZQOPR 3652 

NOTE: 


Pounding. 


Some percentages may not add up to 100 due to 


The values of all the variables are very similar except 


for their military rank. 


(76.6%) of the students 
Commanders, 


while the majority 


This study shows the majority 


(72s) 


the Transki study are Lieutenants. 
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in the sample to be Lieutenant 


of the students in 


i Cormelatien 

Because of CNO tasking to the Naval Postgraduate 
School to determine "the necessary correlations between 
various possible predictors and performance" ([Ref. 6], 
Simple correlations were calculated using the Pearson 
correiation function of SAS. The stronger the relationship 
between the variable and ZQPR, the larger the correlation 
coefficient. 

Correlations were computed for all sixth-quarter 
student data. They were also independently computed for the 
two NPS divisions--Division 05, the Policy and Information 
Sciences Division, and Division 06, the Sciences’ and 
Engineering Division. Appendix B lists the separate 
divisions with breakouts by department and curriculum. 
Appendix C shows the correlation table (Table 19) for all 
sixth-quarter student data, Appendix D (Table 20), Division 
05 sixth-quarter data and Appendix E (Table 21), Division 06 
sixth-quarter data. 

Tables 12-14 compare these data with the December 
1987 sixth-gquarter data of the Transki findings. Note that 
the lower the Academic Profile Code, the better the 
student's undergraduate qualifications. We should, 
therefore, expect negative correlations with ZQPR in the 


following tables. [Ref. 9:pp. 22-25] 
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a. All Sixth-Quarter Data 


TABLE 12 


COMPARATIVE CORRELATION TABLE--ALL SIXTH-QUARTER DATA 


This Study Transki Study 
Variable ZOPR ZOPR 
AGE = oe -.244 
-016 -000 
197 198 
i a GBS) -. 096 
oar .094 
193 Uses: 
VB -401 sededel. 
- 008 -000 
2) oS 
on .458 .424 
-000 -000 
197 oS 
AN -460 as 58 
- 000 ~000 
Ley IDSs: 
APCl1 =o On: -.348 
-000 -000 
196 194 
APC2 -.245 il) 
000 suo 7 
Ise 194 
APG3 Sd, =e lees 
-000 046 
196 194 


Pearson Correlation Coefficient 
One-tailed Significance Level, p-value 
Number of Observations 


AGE (Age at Time of Exam)--Both this study and the Transki 
study findings are negatively correlated but the more 
recent group has a smaller correlation coefficient. The 
new group is significant only at the .05 level, while 
the Transki findings are significant at the .000 level. 
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TABLE 12 (CONTINUED) 


T (Time Since Undergraduate Degree)--Both findings are 


negatively correlated, have similar magnitudes’ of 
correlation coefficient but are not significant at the 
-05 level. 


VB (GRE Verbal Score)--Both findings are positively 
correlated with similar magnitudes of correlation 
coefficient. Both are significant at the .000 level. 


QT (GRE Quantitative Score)--Both findings are positively 
correlated with similar correlation coefficients. Both 
are significant at the .000 level. 


AN (GRE Analytical Score)--Both findings are positively 
correlated but the new group has a larger correlation 
coefficient. Both are significant at the .000 level. 


APC1 (QPR Code of Academic Profile Code)--Both findings 
are negatively correlated and have Similar magnitudes of 
correlation coefficient. Both are significant at the 
.000 level. 


APC2 (Math Code of Academic Profile Code)--Both findings 
are negatively correlated. But the new group has a 
larger correlation coefficient and 1S significant at the 
-000 level, while the previous findings were significant 
at only the .1 level. 


APC3 (Science/Technical Code of Academic Profile Code) -- 
Both findings are negatively correlated. Again the new 
group has a larger correlation coefficient and is 
Significant at the .000 level, while the previous 
findings are significant at only the .05 level. 
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b. Policy and Information Sciences Division (05) 


TABLE 13 


COMPARATIVE CORRELATION TABLE--DIVISION 05 
SIXTH-QUARTER DATA 


This Study Transki Study 
Variable ZOPR ZOPR 
AGE -.126 -~.178 
2083 ~019 
122 135 
Ae Os -.049 
~444 ~ 292 
119 129 
VB ~-441 ~341 
000 - 000 
122 35 
OT .483 438 
- 000 - 000 
eZ 135 
AN oly 3 5 
~-O000 000 
IL Pay 35 
APC1 -.290 ~.431 
~001 - 000 
12a 131 
APC2 -.250 -.160 
-003 ~034 
12 131 
APC3 -.256 -~.170 
~003 ~026 
121 132 


Pearson Correlation Coefficient 
One-tailed Significance Level, p-value 
Number of Observations 
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TABLE 13 (CONTINUED) 


AGE (Age at Time of Exam)--Both this study and the Transki 
study findings are negatively correlated and roughly the 
same magnitude of correlation coefficient. The new 
findings are significant at only the .1 level, while the 
previous findings show a .05 level of significance. 


T (Time Since Undergraduate Degree)--In the new findings, 
the correlation coefficients are slightly positive, 
while the Transki findings are slightly negative. 
However, neither finding is significant at even the .1 
level. 


VB (GRE Verbal Score)--Both findings are positively 
correlated, but the new group has a larger correlation 
coefficient. Both are significant at the .000 level. 


QT (GRE Quantitative Score)--Both findings are positively 
correlated with roughly the same magnitude of correla- 
tion coefficient. Both are significant at the .000 
level. 


AN (GRE Analytical Score)--Both findings are positively 
correlated, but the new group has a larger correlation 
coefficient. Both are significant at the .000 level. 


APC1 (QPR Code of Academic Profile Code)--Both findings are 
negatively correlated, but the Transki group has a 
larger correlation coefficient. Both are significant-- 
the new group at the .001 level and the previous study 
at the .000 level. 


APC2 (Math Code of Academic Profile Code)--Both findings 
are negatively correlated, but the new group has a 
larger correlation coefficient than the Transki group. 
Both findings are significant--the new group at the .005 
level and the Transki study at the .05 level. 


APC3 (Science/Technical Code of Academic Profile Code)-- 
Both findings are negative, but the correlation coeffi- 
cient of the new group is twice that of the Transki 


study. Both findings are significant--the new findings 
at the .005 level and the previous findings at the .05 
level. 
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c. Sciences and Engineering Division (06) 


TABLE 14 


COMPARATIVE CORRELATION TABLE--DIVISION 06 
SIXTH-QUARTER DATA 


This Study Transki Study 

Variable ZOPR ZOPR 
AGE -.188 -.348 
-054 7003 
75 63 
sh =~ Ohees, poy JL FAG. 
~226 097 
74 60 
VB ao - 286 
~002 OT 
As) 63 
QT ~452 ~594 
-000 sVl0'O 
Lo 63 
AN 23/79 384 
-O0O1 ~O001 
Ls 63 
APC1 =o 3 =. 63 
003 Lg 
75) 63 
APC2 = PAGS =. 160 
-010 OD 
es: 63 
APC3 mec Cons, oly 
OO: ~095 
US 63 


Pearson Correlation Coefficient 


One-tailed Significance Level, p-value 


Number of Observations 
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TABLE 14 (CONTINUED) 


AGE (Age at Time of Exam)--Both findings are negatively 
correlated, but the correlation coefficient for this 
study 1s smaller than that of the previous study. The 
new findings are significant at the 10% level, while the 
findings of the Transki study are significant at the 
-005 level. 


T (Time Since Undergraduate Degree)--Both findings are 
negatively correlated, but the correlation coefficient 
for this study is almost half that of the previous 
study. The new findings are not significant at even the 
-1 level, while the Transki findings are significant at 
only the .1 level. 


VB (GRE Verbal Score)--Both findings are positively 
correlated, but the new group has a larger correlation 
coefficient. Both findings are significant--the new 
group at the .005 level and the Transki group at the .05 
level. 


QT (GRE Quantitative Score)--Both findings are positively 
correlated, but this time the new group has a smaller 
correlation coefficient. Both groups are significant at 
the .000 level. 


AN (GRE Analytical Score)--Both findings are positively 
correlated with similar magnitudes of correlation 
coefficient. Both are significant at the .001 level. 


APC1l (QPR Code of Academic Profile Code)--Both findings 
are negatively correlated with roughly the same 
Magnitude of correlation coefficient. Both are 
Significant--the new group at the .01 level and the 
Transki group at the .05 level. 


APC2 (Math Code of Academic Profile Code)--Both findings 
are negatively correlated, but the correlation 
coefficient of the new group is larger than that of the 
Transki study. The new findings are significant at the 
.001 level, while the previous findings are not 
Significant at even the .1 level. 


APC3 (Science/Technical Code of Academic Profile Code)-- 
Both findings are negatively correlated, but’ the 
correlation coefficient of the new group is twice that 
of the previous study. Both findings are significant-- 
this study at the .001 level and the Transki study at 
only the .1 level. 
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Table 15 shows in a combined table the compara- 
tive correlations of the predictor variables and ZQPR for 
this study and the Transki study. (Ref. 9:p. 26] 

These findings validate those of the Transki 
study with regard to the usefulness of Graduate Record 
Examination scores and APCl in predicting success at the 
Naval Postgraduate School. However, this study also found 
APC2 and APC3 to be quite powerful in predicting success. 
These findings showed AGE to be less significant (5% level) 
a factor in prediction than those of the Transki study (.000 
level). This may possibly be due to the disparate rank 
structure of the two groups. The new group was primarily 
composed of Lieutenant Commanders (76.6%), while the Transki 
group was predominantly composed of Lieutenants (71.2%). 
Age differences between the two groups were negligible-- 
average age of the new more senior group was 30.99 years, 
while the average age of the Transki group was 31.05 years. 

Overall however these results confirm most of 
the major findings of the Transki study. Most importantly 
they validate the use of the GRE as a powerful and superior 
tool in predicting student success at the Naval Postgraduate 
School. In fact, the results of the above correlations in 
both studies show the Graduate Record Examination to be a 


much stronger predictor than the currently used Academic 


Profile Code. 
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Using SAS, regressions were run to discover how much 
of the variance of a predicted Graduate Quality Point Rating 
(QPR*) could be explained by the chosen variables and to 
develop an equation to predict academic success at the Naval 
Postgraduate School. [Ref. 9:p. 24] 

Four sequences of regressions were run against ZQPR. 
First to see how well the Academic Profile Code predicted 
QPR*, then to see how well the GRE scores predicted it. A 
third regression was performed using both Academic Profile 
Code and Graduate Record Examination scores as predictors of 
QPR*. And lastly, the Transki-selected variables (APC1, GRE 
and AGE) were used to form a regression equation as a final 
measure for comparison with that study. [(Ref. 9:p. 26] 

The hypothesis remained the same in this study as in 
the previous one, 


...that R2 and R2 would both increase with successive 


equations, while the confidence interval around the 
estimate would decrease. It is understood that R* will 
always increase with the addition of new variables. R¢*, 


which is R* adjusted for degrees of freedom, will increase 
only if the new variable contributes to the equation. 
[Ref. 9: peaezc} 

The outcome of these regression equations is 


displayed in comparative format with the results of the 


Transki equations in Tables 16-18. [Ref. 9:pp. 26,29,30] 
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ay All «Sixth-Quarter ata 


TABLE 16 


COMPARATIVE REGRESSION RESULTS-- 
ALL SIXTH-QUARTER DATA 


Variables R2 R2 SE 
Academic Profile This Study -156 42 goes 
Code (APC1,APC2,APC3) Transki Study ~129 yal ya i ah Ll | 
Graduate Record This Study .296 ~285 ones 
Examination (VB,QT,AN) Transki Study »223 cee: .216 
APC and GRE Combined 
(APC1,APC2,APC3,VB, This Study ~ 346 ~324 ~ O07 
QT, AN) Transki Study 2276 2S ~254 
Selected Variables 
from Transki Study This Study .328 2310 ~310 
(APC1,VB,QT,AN, AGE) Transki Study . 289 270 5 CPW 


Source: Based on [{Ref. 9:p. 26] 


In this study the Academic Profile Code by 
itself accounts for just 16% of the variance in predicted 
QPR (QPR*). This is slightly larger than the 13% variance 
predicted by the Academic Profile Code in the Transki study. 

Also larger than in the Transki results is the 
predictive power of the Graduate Record Examination scores. 
GRE scores in this study predict 30% of the variance in QPR* 
while in the previous study their predictive power was only 
22%. 

However when the Academic Profile Code and GRE 


scores are combined, their predictive power increases to a 


Sa 


full 35% in this study compared with only 28% in the Transki 
study. With the addition of three variables to the 
regression equation, R2 increases in both studies. 

By combining in one equation the variables 
selected in the Transki study as the best predictors (APC1, 
VB, QT, AN, AGE), the predictive value of the equation 
declines slightly in this study (by 2%) to 33%. R? also 
declines. This contrasts with the results of the Transki 
study which show, as expected, continuing increases in R@ 
and R* over the three previous equations. 

Continuing throughout this analysis to follow 
the format of the Transki study, forecast intervals were 


then calculated based on Equation (4.1). 


“an 


FI = YT+1 2 Spt, (4.1) 


[Ref ..53p. 3778 


This can be read as "the forecast interval equals the 
forecast plus or minus the estimated standard error of the 


forecast times the critical t-value," where 


FI = the forecast interval, 
YT+1 = the forecast, 
Sp = the estimated standard error of the forecast, 


t. = the critical t-value (95% level of 
confidence). [Ref. 9:p. 27] 
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In using this equation two assumptions have been 
made. First is that the sample size (approximately 200) is 
sufficiently large that the variability of the regression 
coefficients can be ignored. Second is that in conjunction 
with the first assumption, the values of the input variables 
are close to the population average. Therefore, it should 
be noted that the forecast interval boundaries for an 
individual Naval Postgraduate School candidate may have 
length greater than that determined by the equation. (Ref. 
15:p. 378] With this in mind, Figure 1 was calculated using 


the above equation for all sixth-quarter data in this study, 


where 
Yre1 = 3.52 (the mean ZQPR for all equations), 
Sp = varies (the SE for each regression in 
Table 19), 
t,. = 1.96 (in this case, a two-sided 95% level 
of confidence). [(Ref. 9:p. 27] 
<-------------------- 3.52 -------------------- > 
Coe Se PECrOnLy “<<—SS—=—— 4.21 
eo Ghoti y— ————— 4.15 
2.91 --- APC and GRE --- 4.13 
2.91 --- APC1, VB --- 4.13 


QT, AN, AGE 


Figure 1. Forecast Intervals--All Sixth-Quarter 
Data (This Study) 
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Note that the intervals narrow until APC and GRE 
are combined. At this point the equation intervals stop 
Narrowing and remain the same for the equation with APCl, 
VB, QT, AN and AGE. This would indicate "when combined with 
the good results of the regressions" [Ref. 9:p. 27] that the 
combination of APC and GRE scores is the best predictor of 
success at the Naval Postgraduate School. 

This contrasts with the forecast interval 
findings of the Transki study shown in Figure 2. [Ref. 9:p. 


28] 


<-------------------- 3.48 -------------------- > 
2.94 ----------- APC only ----------- 4.02 
2.97 --------- GRE only --------- 3.99 
2.98 ------- APC and GRE ------ 3.98 
2.99 ------ APCl1, VB, ------- 3.97 


Figure 2. Forecast Intervals--All Sixth-Quarter 
Data (Transki Study) 


Here forecast intervals continue to narrow to 
the last equation in which APCl, VB, QT, AN and AGE are 
combined. This is consistent with the Transki correlation 
and regression results on December 1987 sixth-quarter 
students, but is not confirmed by the more recent combined 
analysis of the March 1988 and June 1988 students in this 


study. This is not surprising based on the correlation and 
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regression results of the new group’ shown previously in 
Tables 15 and 16. 

This study therefore supports a= slightly 
different regression equation than supported by the previous 
study for selection boards to use in identifying students 
with potential for success at the Naval Postgraduate School. 
The new equation combines both Academic Profile Code 
measures and Graduate Record Examination scores as the 
strongest measure of potential NPS success. (See Equation 


(4.2) below.) 


QPR* = 2.4788 - .0669(APCl) + .0228(APC2) - .0461(APC3) 


+ .0007(VB) + .0007(QT) + .0008(AN) (@ -2) 


The results will yield QPR*--a forecast of the 
officer's graduate QPR at the Naval Postgraduate School. 
QPR* will still be a standardized value. If a potential 
student's curriculum is known, QPR* can be multiplied by 
the appropriate department factor.... [Ref. 9:p. 27] 


Table 5 shows department standardizing factors. Appendix B 
lists curricula by department and division. 

Following the Transki format, but with modifica- 
tions to fit the new regression equation of this study, the 
selection process is demonstrated in the following case. 

...assume Lieutenant Junior Grade GRAD is being considered 
for graduate education....He graduated from American 


University with a 3.00 grade point average. His Graduate 
Record Examination scores are 550 verbal, 600 quantitative 


and 580 analytical. He is interested in studying in the 
681, 847 or 532 curricuba." [Ref. 9:p. 
27) 
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He has had two calculus courses with a C+ average and a 
complete calculus-based physics sequence with the same Ct 
average. 

Using Equation (4.2), the selection board would 
calculate his potential NPS graduate QPR to be 3.5213. See 


Equation (4.3). 


QPR* = 2.4788 - .0669(2) + .0228(2) - .0461(3) 
+ .0007(550) + .0007(600) + .0008(580) 


3.5213 (ane 


Using department standardizing factors, Lieuten- 
ant Junior Grade GRAD's predicted Graduate QPR can now be 
adapted for each of the three curricula he is interested in. 


[Ref. 9:3:p. 28] 


National Security Affairs 
Curriculum 681: adjusted QPR* = 3.5213(1.069) = 3.76 


Manpower, Personnel & Training Analysis 


ll 
W 
cS 
1@)) 


Curriculum 847: adjusted QPR* = 3.5213(.983) 
Physics (Weapons Systems Science) 


Curriculum 531: adjusted QPR* = 3.5213(.963) = 3.39 


Now by calculating a forecast interval around 
the adjusted Graduate QPR*s for each curriculum, the 


selection board should be able to predict with 95% 
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confidence that Lieutenant Junior Grade GRAD's Graduate QOPR 


will fall within the computed range. [Ref. 9:p. 28] 


Curriculum 681: 3.76 (.307)1.9%6 Of 3.16 <====> &.36 
Curriculum 847: 3.46 (.307)1.96 or 2.86 <----> 4.06 
Ca@@riculum 531: 3.39 (.30751.96 OF 2.79 <---=> 3.99 


Knowing that to satisfy the requirements for a 
Master's Degree at the Naval Postgraduate School, a student 
must attain "a quality point rating of at least 3.00 in all 
graduate courses in the curriculum, and either 2.50 in the 
remaining courses or 2.75 in all courses in the curriculum" 
[Ref. 12:p. 7], it would seem that Lieutenant Junior Grade 
GRAD "may not be as good a risk in the physics curriculum as 
in national security affairs, or even in manpower, personnel 
and training analysis." [Ref. 9:p. 28] 

Though the regression equation used to calculate 
QPR* and the corresponding forecast intervals for each 
Curriculum is different from that of the Transki study, the 
relative selection results are the same. Lieutenant Junior 
Grade GRAD is a better risk in curriculum 681 than in 
Gmasriculum 847 or in curriculum 531. 

b. Policy and Information Sciences Division (05) 

The same methodology was used to calculate 

regressions and forecast intervals for Division 05 data as 


was used above on all sixth-quarter data. 
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Table 17 compares the Division 05 results of 
this study with the regression equation results for Division 


05 of the Transki study. 


TABLE 17 


COMPARATIVE REGRESSION RESULTS--DIVISION 05 
SIXTH-QUARTER DATA 


Variables R2 R2 SE 
Academic Profile This Study 262 valet iG 
Code (APC1,APC2,APC3) Transki Study T2053 .185 207 
Graduate Record This Study —s06 .359 .290 
Examination (VB,QT,AN) Transki Study -241 ~224 4 212 
APC and GRE Combined 
(APC1,APC2,APC3,VB, This Study -414 oo ,2oD 
QT, AN) Transki Study .309 .276 .204 
Selected Variables 
from Transki Study This Study .394 .367 .288 
(APC1,VB,QT,AN,AGE) Transki Study Neale. .285 .203 


Source: Based on [Ref. 9:p. 29] 


In this study the Academic Profile Code by 
itself accounts for just 16% of the variance in predicted 
QPR (QPR*). This is smaller than the 20% variance predicted 
by the Academic Profile Code in the Transki study. 

Also larger than in the Transki results is the 
predictive power of the Graduate Record Examination scores. 
GRE scores in this study predict 38% of the variance in 
QPR*, while in the previous study their predictive power was 


only 24%. 


44 


However, when the Academic Profile Code and GRE 
scores are combined, their predictive power increases to a 
full 41% in this study and 31% in the Transki_ study. 
Despite the addition of three variables to the regression 
equation R* increases in both studies. 

By combining in one equation the variables 
selected in the Transki study as the best predictors (APCl1, 
VB, QT, AN, AGE), the predictive value of the equation 
declines, as it did when using all sixth-quarter data, by 2% 
from 41% to 39%. R* also declines. This contrasts with the 
results of the Transki study which showed, as expected, 
continuing increases in R* and R* over the three previous 
equations. 

Forecast intervals were also developed for 
Division 05 data. They are shown in Figure 3. They are 


calculated based on the Division 05 mean ZQPR of 3.51. 


<-------------------- 3.5] -------------------- > 
2.84 ----------- APC only ----------- 4.18 
2.94 ------ GRE only ------ 4.08 
2.96 --- APC and GRE --- 4.06 
2.94 ----- APC1, VB ----- 4.08 


Figure 3. Forecast Intervals--Division 05 
Sixth-Quarter Data (This Study) 
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These results support this study's choice of the 
regression equation which combines the APC and GRE scores as 
the best prediction tool. Notice that the confidence 
intervals continue to narrow until the final equation which 
uses the variables selected in the previous study. Here the 
confidence interval expands to the width of the equation 
using GRE scores alone. This indicates a weakening in the 
predictive power of the final equation for students in the 
Policy and Information Sciences Division. 

This contrasts with the forecast interval 
findings of the Transki study shown in Figure 4. [Ref. 9:p. 


29] 


<2 ------------------ 3.48 -------------------- > 
S)5(0)5, — SK APGsonl yy —-—-——— seo) 
3.06 ---- GRE only ---- 3.89 


3.07 - APC and GRE - 3.88 


3,.08-= APG vow) Sac 
QT, AN, AGE 


Figure 4. Forecast Intervals--Division 05 
Sixth-Quarter Data (Transki Study) 


Here forecast intervals continue to narrow to 
the last equation in which APCl, VB, QT, AN and AGE are 
combined. This is consistent with the regression results 


obtained on the total sixth-quarter data of that previous 
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study, but is not confirmed by the more recent data of this 
study. 

The regression equation developed from this new 
data is useful for selection boards considering students for 
entry into any Policy and Information Sciences Division 05 


Curricula. It is shown in Equation (4.4) below. 


QPR* = 2.2636 - .0634(APCl) + .0297(APC2) - .0514(APC3) 


+ .0007(VB) + .0009(QT) + .0009(AN) (4.4) 


c. Sciences and Engineering Division (06) 

The same method was used to calculate regres- 
sions and forecast intervals for Division 06 data as was 
used above on Division 05 sixth-quarter data and prior to 
that on all sixth-quarter data. 

Table 18 compares the Division 06 results of 
this study with the regression equation results for Division 
06 of the Transki study. 

In this study the Academic Profile Code by 
itself accounts for 19% of the variance in predicted QPR 
(QPR*). This is larger than the 9% variance predicted by 
the Academic Profile Code in the Transki study. 

However, the predictive power of the Graduate 
Record Examination scores alone, although increasing from 
that of the APC equation, is smaller in this study than in 


the Transki study. GRE scores in this study predict 21% of 
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TABLE 18 


COMPARATIVE REGRESSION RESULTS--DIVISION 06 


SIXTH-QUARTER DATA 


Variables R¢ R¢ S15) 
Academic Profile This Study -190 ~lS6 5360 
Code (APC1,APC2,APC3) MTranski Study -O091 ~044 739 © 
Graduate Record This Study wos -180 oO o4 
Examination (VB,QT,AN) Transki Study ~355 BA a7 
APC and GRE Combined 
(APC1,APC2,APC3,VB, This Study .326 .266 .335 
QT, AN) Transki Study a4 30M .320 
Selected Variables 
from Transki Study This Study e279 -226 7 oar 
(APC1,VB,QT,AN, AGE) Transki Study ae ~395 .299 

Source: Based on [Ref. 9:p. 30] 
the variance in QPR*, while in the previous study their 


predictive power was 35%. 


In the next regression, wherein the Academic 


Profile Code and GRE scores are combined, the predictive 


power of the equation continues to increase for both 


studies--to 33% in this study and 37% in the Transki study. 
Again despite the addition of three variables to the regres- 
sion equation R* increases in this study but declined in the 
Transki study. 


By combining in one equation the variables 


selected in the Transki study as the best predictors (APCl, 


VB, QT, AN, AGE), the predictive value of the equation 


declines as it did when using all sixth-quarter data and 
Ss from 33% to aese 


Division 05 data. This time it declines 
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R* also declines. This contrasts with the results of the 
Transki study which showed, as expected, increases in R@ and 
R2 over the three previous equations. 

Forecast intervals were also developed for 
Division 06 data. They are shown in Figure 5. They are 


Caiculated based on the Division 06 mean ZQPR of 3.54. 


<2 ------------------ 3.54 -------------------- > 
Dg = ee APC? Only” ~-----= 4.25 
2.85 ------ GRE only ------ 4.23 
2.87 --- APC and GRE --- 4.21 
Ze) -—-—— APCl, VB eee= 4.21 


QT, AN, AGE 


Figure 5. Forecast Intervals--Division 06 
Sixth-Quarter Data (This Study) 


These results support this study's choice of the 
regression equation which combines the APC and GRE scores as 
the best prediction tool. Notice that the confidence 
intervals continue to narrow until APC and GRE are combined. 
At this point the equation intervals stop narrowing and 
remain static for the equation with the Transki selected 
variables of APCl, VB, QT, AN and AGE. This would tend to 
indicate when combined with the regression results of Table 
18 that the combination of APC and GRE scores is the best 


predictor of success at the Naval Postgraduate School. The 
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equation with APCl, VB, QT, AN and AGE in this study add 
nothing to the predictive power of the previous equation. 
This contrasts with the forecast interval 


findings of the Transki study shown in Figure 6. [Ref. 9:p. 


30] 
ed ed le er 3.48 CN ee ee ee or oe > 
237458 ===2> - 7 Sa ADC ory = =<<<--=<2— 4.22 
2.86 J ----_ => GRE -Oney = ==-----——— 4.10 
2.00 See ARC andeone.———————--— 4.11 
2.89 --- APCl, VB, QT --- 4.07 
AN, AGE 
Figure 6. Forecast Intervals--Division 06 
Sixth-Quarter Data (Transki Study) 
Note the widening of the forecast interval where 
APC and GRE scores are combined. This iS an anomaly in the 


Transki study where previously all forecast intervals have 
consistently narrowed from the first equation with APC alone 
until the final equation containing APC1l, VB, QT, AN and 
AGE. It is not known why this is the case. Transki 
comments that the 
Forecast intervals for Division 06 are considerably wider 
than either the overall or Division 05 data....The wider 
intervals are due to larger standard errors in this sub- 
group. One possible explanation is the smaller number of 


cases in this sample combined with the different type of 
Students. [{Ref. 9:p. 30] 
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However, Figure 6 still shows the narrowest forecast 
interval to be around the final equation in which APCl, VB, 
QT, AN and AGE are combined. This is confirmed by the Table 
18 regression results of the Transki study, but is not 
confirmed by the more recent results from the Division 06 
data of this study. 

The regression equation developed from the data 
in this study to select students desiring to enter curricula 
in the Sciences and Engineering Division is shown in 


Equation (4.5) below. 


QPR* = 2.6886 - .0451(APCl) - .0101(APC2) - .0790(APC3) 
+ .0006(VB) + .0008(QT) - .0005(AN) (4.5) 
d.  Conedlusiten 


Comparison of the regression results of this 
study with those of the Transki study was very much as 
expected from the earlier comparison of correlation 
coefficients between the two studies. The division results 
support the selection of the regression equation combining 
APC and GRE scores as the best measure for predicting 
academic success. R2 is stronger in the Policy and 
Information Sciences Division (05) than in the regression 
results of the total sixth-quarter group, and even stronger, 
of course, than that in the Sciences and Engineering 


Division (06). 
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This contrasts with the Transki findings in 
which division regressions support the choice of APCl, VB, 
OT, AN and AGE as the best predictors of graduate school 
success. Here R* is stronger for both divisions than for 
the combined December 87 sixth-quarter data. R° is 
strongest for Division 06 in the Transki study. [(Ref. 9:p. 
31] 

One possible explanation can be seen in Table 
PAG Although the descriptive statistics for both studies 
seem similar (almost identical) in many ways--the number of 
cases, the percentage of males and females, age, time since 
undergraduate degree, APC measures, GRE scores and even the 
percentage of cases in Division 05 and Division 06--the 
primary disparity between the two groups can be seen in the 
seniority of their members. The new group is predominantly 
composed of Lieutenant Commanders (76.6%), while the Transki 
group wasS principally composed of Lieutenants (71.2%). 

Another explanation for the disparity between 
the findings of the two studies is based on the fact that 
while the forecasting ability of a multiple regression 
equation is rather good when applied to the data for which 
it was built, it performs below expectations when applied to 
new data. Therefore, because general processing conditions 
lack temporal stability from quarter to quarter, the results 


of the two studies would vary. [(Ref. 16] 
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V. CONCLUSION 


A. SUMMARY 

In am effort to contributestoethes body of knowledge 
associated with the Naval Postgraduate School's ongoing 
three-year study of the Graduate Record Examination, this 
thesis has been able to validate the results of a previous 
study during this time frame. Both this study and the 
previous one show the Graduate Record Examination to be a 
much stronger predictor of academic success at the Naval 
Postgraduate School than the currently used Academic Profile 
Code [Ref. 9:p. 37]. 

However, the results of this study show the best 
predictor of success to be the combination of the Graduate 
Record Examination and the Academic Profile Code. These 
findings provide compelling statistical support for the July 
1985 views of the Provost, Naval Postgraduate School. Ina 
memo dated 22 July he states that although "The GRE cannot 
replace the APC...the GRE will significantly enhance the 
selection process." (Ref. 4] The results backing this 
viewpoint are borne out time and again in the correlation 
and regression analysis of this research on both NPS 


division data as well as data from the entire school. 
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B. RECOMMENDATIONS 
In view of these findings it is recommended that _ the 


Navy use the nationally recoqnized Graduate Record Examina- 


tion in conjunction with the Academic Profile Code in its 


selection of officers to attend the Naval Postgraduate 


School. 


This should be done using Equation (4.2) to calculate an 


officer's overall potential for success at NPS. [Ref. 9:p. 
37) 
QPR* = 2.4788 - .0669(APC1) + .0228(APC2) - .0461(APC3) 

+ .0007(VB) + .0007(QT) + .0008(AN) (4.2) 
where 


QPR* = predicted graduate QPR, 
APCl1l = undergraduate QPR measure of the APC, 
APC2 = undergraduate math measure of the APC, 


APC3 = undergraduate technical/science measure of 
the APC, 


VB = verbal score of the GRE, 
QT = quantitative score of the GRE, 


AN = analytical score of the GRE. [(Ref. 9:p. 37] 


Once an officer's potential for academic success has 
been computed and he or she has been selected to attend the 


Naval Postgraduate School, departmental factors (see Table 
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5) may be applied to more accurately assign individuals to 
Eve various,curricula. (Ref. 9 pe 37] 

Because both this study and the previous study show the 
GRE to be a much more powerful predictor of graduate school 
Success than the APC by itself and because the Defense 
Activity for Non-Traditional Education Support (DANTES), not 
the Navy, will pay for the one-time administration of the 
GRE to military personnel [Ref. 8], it is further recom- 
mended that the GRE be required for all officer accessions 
indefinitely. If some of these officers continue their 
education at night, by correspondence, etc., and feel they 
Can better their scores and hence chances for selection to 
the Naval Postgraduate School, they may retake the Graduate 
Record Examination at their own expense. 

Given the above conditions and the strength of the GRE 
aS a predictor of academic success, the Navy can only 
benefit by including the Graduate Record Examination in the 
selection criteria for admission to the Naval Postgraduate 


School: it cannot lose. 


C. FURTHER RESEARCH 

Areas for further research on the data which continue to 
be collected during this three-year test period (April 1986- 
April 1989) include the potential effect of rank, accession 
source, officer designator, undergraduate class standing and 
ethiex descriptive variables on success at the Naval 


Postgraduate School. 


5) 5) 


1c is also recommended, as observations are added to the 
database, that further research be conducted as part of a 
continuing refinement of selection equations’) and 
departmental weighting factors for the assignment of 


students to the most suitable curricula. 
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APPENDIX A 


GRADUATE EDUCATION REVIEW GROUP/ 
GRADUATE EDUCATION REVIEW BOARD 


Graduate Education Review Group 
15 October 1984 


ATTENDEES: 


ADM Hays, VCNO 

VADM Kirksey, OP-094 

VADM Baggett, OP~-095 

VADM Lawrence, OP-Ol 

VADM Metcalf, OP-03 

VADM Hughes, OP-04 

VADM Sagerholm, CNET 

RADM Parker, OP-098B 

RADM Demars, OP-02B 

RADM Gilchrist, OP-O5B 

RADM Shick, COMNAVELEXCOM 
RADM Webber, NAVSEASYSCOM 
RADM Wilkinson, NAVAIRSYSCOM 
RADM McHugh, JAG 

COMO Seesholtz, OP-952 

SOMO. Sharp, OF-91 

COMO Johnson, OP-60B 

COMO Whitaker, NAVSUPSYSCOM 
COMO Kelley, NAVFACENGCOM 
COMO Studeman, NAVINTCOM 
COMO Angelo, NAVMEDCOM 

COMO Shumaker, Superintendent, NPS 
DEAN Schrady, Provost, NPS 


Graduate Education Review Board 
17 October 1984 


ATTENDEES: 


ADM Watkins, CNO 

ADM Hays, VCNO 

ADM White, CNM 

VADM Lawrence, OP-Ol 

COMO Shumaker, Superintendent, NPS 
DEAN Schrady, Provost, NPS 
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APPENDIX B 


NPS CURRICULA--A BREAKOUT BY DEPARTMENT AND DIVISION 


05 Policy and Information Sciences Division 

52 Computer Science Department 
367 Computer Systems Management 
368 Computer Science 

53 Mathematics Department 
380 Advanced Science 

54 Administrative Sciences Department 
813 Transportation Logistics Management 
814 Transportation Management 
815 Acquisition and Contract Management 
819 Systems Inventory Management 
827 Material Logistics Support Management 
837 Financial Management 
847 Manpower, Personnel and Training Analysis 
620 Telecommunications Systems Management 

55 Operations Research Department 
360 Operations Analysis 
361 Operational Logistics 

56 National Security Affairs Department 
681 Middle East, Africa, South Asia 
682 Far East, Southeast Asia, Pacific 
683 Europe, USSR 
684 International Organizations and Negotiations 
685 Western Hemisphere 
686 Strategic Planning--General 
687 Strategic Planning--Nuclear 
825 Intelligence 

06 Sciences and Engineering Division 
61 Physics Department 


530 Weapons Systems Engineering 
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62 


63 


67 


68 


69 


71 


72 


73 


74 


5931 Weapons Systems Science (Physics) 

2932 Nuclear Physics (Weapons and Effects) 
535 Underwater Acoustics 

Electrical and Computer Engineering Department 
590 Electronic Systems Engineering 

600 Communications Engineering 

Meteorology Department 

372 Meteorology 

373 Air-Ocean Science 

Aeronautics Department 

610 Aeronautical Engineering 

611 Aeronautical Engineering--Avionics 
Oceanography Department 

374 Operational Oceanography 

440 Oceanography 

441 Hydrographic Sciences 

Mechanical Engineering Department 

570 Naval (Mechanical) Engineering 
Antisubmarine Warfare Academic Group 

525 Antisubmarine Warfare Systems 
Electronic Warfare Academic Group 

595 Electronic Warfare Systems Engineering 
Space Systems Academic Group 

366 Space Systems Operations 

591 Space Systems Engineering 

Command, Control and Communications Academic Group 


365 Joint Command, Control and Communication 


*Data for breakout were obtained from the NPS Dean of 
Information and Policy Sciences list dated 2 May 1988. 


59 


c 


APPrwvia 


CORRELATION TABLE--ALL SIXTH-QUARTER DATA 


SUOTIEATESGO JO Tequmnn JentTea-d ‘[Teae] aoueoTFTUHTS peTtej-suOQ ‘SZUSTOTJJSe0D uoTeTezI0D uoszeag 


L6T 
000°0 
000°T 
961 967 
000°0 000°0 
L8Z°0- 000°T 
961 96T 
000°0 000°0 
SZ" 0- 87S°0 
961 96T 
000°0 z00°0 
I0E*0- ITZ" 
L6T  —-96T 
000°0 610°0 
09P°0 gPT*0- 
L6T  —-96T 
000°0 000°0 
8Sp°0 9TP'0- 
L6T  —-96T 
000°0 OTE*O 
Tov’O0 9€0°0- 
€6T  €6T 
OTE"0 900°0 
9€0°0- P8T"O 
L6T  —-96T 
910°0 000°0 
€ST°O- SSZ°0 
YdOZ COdWV 


961 
000°0 
000 °T 


96T 
000°0 
T9E° 0 


96T 
T00°0 
Sc@ 0= 


96T 
000°0 
T6P °“0- 


96T 
600° 0 
69T°0O- 


tol 
v00°0 
68T “0 
96T 
OTO°O 
29.0 


COdT 


96T 

000°0 

000°T 

96T Lol 

000°0 000°0 

95¢ US 0C0ml 

96T Lol Lol 

€00°0 000°0 000°0 

00c°O0- 88S°0 O00°T 

96T Lol Lol Lol 

000°0 000°0 000°O 000°0 
090 0= 6S5.0 Cor am 000 
c6l Col Col Sol 


[SCO 0VT 0+ CVO Oe CVO a0 
670 06 S20) 0-350 @oeScimay 


96T Lol Lol Lol 
eS Um 00 0 eee00 ee Ive. 0 
800°0 SZLT°O- 66T°0- 620°0 


TOdY NW LO dA 


6 dATaVvh 


L8AV YOI YdO 
ALWMdVdD dadZIGYVONW.LS 
udOZ 


gdqd0) GITHOdd OIWsC 
-WOV FO ddOO qONHTOS 
COdV 


dd0) WITdOdd 
OINHCVOV dO ddOD HLW 
COdW 


dd0) dTOudd 
OIWHAWOW JO qOD udO 
TOdY 


dyOOS 
TWOLLATWNY ddd 
NW 


aMOOS 
AATLIVILINYNO syd 
IO 


dYOOS TWHddA FD 


dA 

(THLNdNOD) 

C6l WXS JO dWIL LV 
000°0 GaYOddN HONS WiLL 
000° T L 
Col Lol (CEINdNOO) 
000°0 000°O0 WVYXH AO SNL LV dOV 
GSL°0 O000°T dOW 

L dOW 


VWLVG YWHLYVWNO-HLXIS TIV--dTdVL NOLLVTAYYYOO 


60 


APPENDIX D 


CORRELATION TABLE--DIVISION 05 SIXTH-QUARTER DATA 
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APPENDIX E 


CORRELATION TABLE--DIVISION 06 SIXTH-QUARTER DATA 


ae 
000°0 
000°T 


GL 
T00°0O 


Sse. 0= 


SVs 
OTO°O 


WEG (Os 


Se 
€00°0 


ETE O- 


GL 
T00°0O 
6LE *0 


SL 
000°0 
CSV 0 

SVE 
c00°0 
6€€°O 


DL 
IGE 8) 


680 °0- 


Sie 
vS0°O 


Beil Os 


UdOZ 


Syl 
000°0 
000°T 


ae 
000°0 
Té2S°0 
Sie 
000°0 
Str'o 
Spe 
EST 0 


Ser 0s 


GL 
GO 


6c¢  O- 


sie 
c6P 0 
€00°0 


Ve 
Tees} 


6a0:0= 


Sie 
007 °0 
0€0°0 


COdW 


Se 
000°0 
000°T 

Sie 
000°0 
v7S ‘0 

Sie 
96¢ °0 


€90°0- 


SVL 
670°0 


Co E0= 


ae 
TLP°0 


600°0- 


Ve 
Gell 1) 
oI oe 


Syl 
TE? 0 
980°0 


COdY 


Sie 
000°0 
000°T 


Se 
a ee 


Cun 0= 


Sie 
BAN I. 


LOa0- 


SE 
95 0r0 


SAigs 


DL 
807 0 
8c0°0 


SL 
tvy 0 
L10°0O 


TOdW 


SUOTJeATESqO JO AaquNN ‘oenTeA-—d ‘ToaAey soueOTFTUbTS 


Spe 
000°0 
000 °T 


SV6 
000°0 
ts?) 0 

oe 
000°0 
TTS 0 


DL 
CEalsO 


Cie O= 


SL 
€€0°O 


Vie. 0= 


NW 


SE 
000°0 
000°T 

GL Sie 
000°O0 000°0 
08S°O O000°T 
VL VL 
ED0—0 Se e0 G0 
JE O- STG 0 
oe SL 
G2050 e271 0 
Gell ep (BIE lLatt, 

LO dA 


000°0 


000°0 
099°0 


PEeTTe}-sup !QUSTOTJJOOD uoTReTaII0D uosresg 


L8AY YOI UdO 
GLWNdwD CaZIQIVONW.LS 
YdOZ 


dd00 ATIGOdd OTN 
“WOW HO ddOO FONAIOS 
tod 


dd00 FIldodd 
OIWHOWOV HO ddOO HLVW 
COdW 


dd00 ZIIdOdd 
OIWHACYOW JO adOD YdO 
TOdW 


AdOOS 
TWOLLATYNY GYD 
NW 


aAYOOS 
FALIVGIGNWNO Feo 
IO 


dYOOS ‘TWeddA ded 


dgA 
(TaLLNdNOO) 
bL WYXH dO WIL LV 
qed ON HONS dWIL 
000°T L 
bL SC (TaEINdNOO) 
000°O WVXH dO ANIL LV doV 
000°T TOW 

NF dOW 


WLVYA YALYVNO-HLXIS 90 NOISIAIG--a3TdVL NOILWVISYYOO 


Tc ATV 


62 


10. 


sl ne 


LIST OF REBBRENCES 


CHINFO, Washington, D.C., Naval Message, Subject: Navy 
News Service, 132027Z, September 1985. 


Chief of Naval Operations, Letter Ser 09/5U300750, 
Subject: Annual Review of Graduate Education in the 
Navy, 26 January 1985. 


Superintendent, Naval Postgraduate School Letter Ser 
NC4(00), Subject: Admission Procedures for Graduate 
Education, 1 February 1985. 


Provost, Naval Postgraduate School Memorandum for the 
Record Ser NC4(01), Subject: Graduate Record 
Examination, 22 July 1985. 


Superintendent, Naval Postgraduate School Letter Ser 
1500/079-85 NC4(00), Subject: Academic Assessment of 
Naval Officers for Postgraduate Education Programs, 30 
April 1985. 


Chief of Naval Operations Letter Ser 114D2/369728, 
Subject: Academic Assessment of Naval Officers for 
Postgraduate Education Programs, 24 June 1985. 


Chief of Naval Operations, Letter Ser 114D/378883, 
Subject: Academic Assessment of Naval Officers for 
Graduate Education Programs, 9 September 1985. 


Director, Defense Activity for Non-Traditional Education 
Support, 1500.9 Code 10, Subject: Availability of 
Graduate Admissions Tests to Military Personnel, 8 April 
ToS? . 


Transki, B.T., The Graduate Record Examination (GRE) as 


a Predictor of Success at the Naval Postgraduate School, 
Master's Thesis, Naval Postgraduate School, Monterey, 


California, June 1988. 


Naval Postgraduate School, NPS 55SE74091, Predicting the 
Academic Performance of Graduate Students: A Review, by 
John Senger and Richard Elster, September 1974. 


Naval Postgraduate School, NPS55SE75061, A Comparison of 
Predictions of Graduate Student Performance: Is It All 
Worth the Bother?, by John Senger and Richard Elster, 
June 1975. 


63 


U4 & 


aaa 


14. 


LS. 


16. 


Naval Postgraduate School, Naval Postgraduate School 
Catalog, Academic Year 1988, Naval Postgraduate School, 
Monterey, California, 1988. 


Educational Testing Service, Guide to the Use of the 
Graduate Record Examinations Program 1986-87, 1986. 


Naval Postgraduate School Memorandum Ser NC4(014), 
Subject: Grade Distribution Study for AY 1987, 23 March 
1988. 


Studenmund, A.H. and Cassidy, H.J., Using Econometrics, 
Little, Brown and Company, Boston, Massachusetts, 1987. 


Conversation between Professor R. Read, Naval Postgrad- 


uate School Operations Research Department, and the 
author, 30 January 1989. 


64 


BIBLIOGRAPHY 


Blatt, N.W., An Analysis of Naval Officer Student Academic 
Performance in the Operations Analysis Curriculum in 


Relationship to Academic Profile Codes and Other 
Factors, Master's Thesis, Naval Postgraduate School, 


Monterey, California, September 1985. 


Cook, J.L., Predictors of Academic Success of Graduate 


Students in the Communications Management Curriculum of 


the U.S. Naval Postgraduate School, Master's Thesis, 
Naval Postgraduate School, Monterey, California, 


September 1974. 


Dreese, R.N. and Russel, W.M., An Investigation of the 
Validity of the Graduate Record Examination and Certain 
Personality or Interest Tests in Predicting Academic 
Performance in the Management Curriculum of the United 


States Naval Postgraduate School, Master's Thesis, Naval 
Postgraduate School, Monterey, California, 1964. 


Kauder, R. and Ebert, S.W., An Investigation of the Validity 
of Certain Aptitude Tests in Predicting Academic 
Performance in the Navy Management Curriculum of the 


United States Naval Postgraduate School, Master's 
Thesis, Naval Postgraduate School, Monterey, California, 


P26 . 


Martz, D.J. and Rushin, T.E., Determination of Valid 


Criteria for Selecting Postgraduate Management School 
Candidates on the Basis of Established Academic 


Performance and Various Aptitude Tests, Master's Thesis, 
Naval Postgraduate School, Monterey, California, May 
1962. 


Michealson, Phillips, Jeong and Lee, 0OS3101, "Project 3," 
unpublished class paper, Naval Postgraduate School, 
Monterey, California, undated. 


Naval Postgraduate School, NPS55-87-008, Evaluation of GRE 


Data--An Experiment at NPS, D.R. Barr and G.T. Howard, 
August 1987. 


Muchinsky, P.M., Psychology Applied to Work, 2d ed., The 
Dorsey Press, 1987. 


Pindyck, R.S., and Rubenfeld, D.L., Econometric Models and 
Econometric Forecasts, 2d ed., McGraw-Hill Inc., 1981. 


65 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron Station 
Alexandria, Virginia 22304-6145 


Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93943-5002 


Chief of Naval Operations (OP=-11) 
Navy Department 
Washington, D.C. 20350 


Director of Admissions, Code 0145 
Naval Postgraduate School 
Monterey, California 93943-5000 


Professor Roger D. Evered, Code 54Ev 
Naval Postgraduate School 
Monterey, California 93943-5000 


Professor Robert R. Read, Code 55Re 
Naval Postgraduate School 
Monterey, California 93943-5000 


LCDR Barbara T. Transki 
4011 Franconia Road 
Alexandria, Virginia 22310 


CAPT Henry C. Cooper, USAF (Ret. ) 
209 S. Kimbrel Avenue 
Panama City, Florida 32404 


LCDR Ronna C. Neil 


4334 Raleigh Avenue, #403 
Alexandria, Virginia 22304 


66 


No. Copies 








‘Braye S| 


; ° i . “Sie 


Survey Te I Ls ‘ea 45-6008 


ri 
—_ r 








RMA ed —rafy S thing i». : 2G RED AEE FO R56. Ke AOD.) VR BREEN Rony © Obed: " 
Anh ME Aotuanintpebe ay Ate han Talagh, Bobb both9 49 whe Uh ohn God Gly hh ve 4 Orr ote Ger da% c= ata et al thesN35733 


EG. Fe ain BD ; See et ae AM S2h58-F OF AL bode sO BA 4 Roe @ 00 BW M2 ire pb Rhee Gg 
Aatendatghell magi tee eT wy Pep eyed ety et yee ee ee ee 0 1*, wolelerz dtl F Rokth, m8 





















Cal BAG cA Li 00 SEP WOUEH Gn T Brk Wy Ve. Wty Ay As 8, oy BPD DANOM AB DAMWEE.2 HD Be LOY forged Hoe fry ea94e ° 
rege ne a ae rbot Lin SF ebhathe ah las de vot hah 
Naoy 
CAD -Crtweemmnce at BW 6. ba FIG A, 6 eel MAP d Be eErh Cob a DP 44Orh © 
EOMAIE » AWE SIFe AVG e ae YOER-Bbo SEH ted, AG Ca 0 HO We al & HELP oS e406 Se } 
© 04 Bb08 tat B totem 1-6 a re ayy Deep erty pe O86 DD Sh 8 Soo Del 6° 48.0 ke: 9 OR: 


CAPO D EEA GO G-SeOeh nh As 0:80. Ent beh AVE A HA Hot AO Ne Meh A AE SAO @ WMD! @ @A) Py Pt ine! Hi] Li it ' ' 
—Siapmte amnintan mentee dea ee ee Ce en ene ee edb One 


aD Aa Ral ARP. AND IGG A oh Bd 4.58 OD ADDR TE . ily ME OIA. A Dahle os RL Yin anh ahgre @ 988.6 of * : 
we renipame tes ap haere ee ae et hid Meh Hi 018 FoF Ss 6 OE eo oe ce ee re a ee WEEE I 
= $ | | | 

. Cctnee$ 1 BDLSL9 RODS, 0. SoA! OS Oho FEADMMILIDL Ma) Hl rb ait Bro fg | { | 

PRR Gin 6 CaP olan bb MMO te Ye eriet tc in ty Rr AIL he MBM itt Beh omone ao aR, on * nn ) | 
et ap - ely 6,08 uty I 
PR an Ps 8 <a ek AD AHP acl 908.0 wa Fr M AetBanD LOR, Ooty? #1 tring Serbo fF 4&8 dF OPA DHG B58 Fa% orks Bbrtie.84% a, 2 | | | 
cepa-dnephndair trnpiamapulenraaabiorarionh ee Tle Le ee FO e- Wed Bot Bi d.P ras | t | 
eer 6 | } 
ne YY 














Oe rN Re lO AD CORO Oil ctor tem. @ tad 9) RM Owed Mob AGRE Ra ORY. Ee at hed ww 1AM Bote lo P 7 
CA hth OReRn tne 06K iok. BASF argh 1 CAL Pee AH 1 BOOE! BAL Bokeh A Gri BO Pe ASERILF. Ge Ot a 

meu-neptal-natepemene anadetattass aban ee eee Mets 26 8° Ons phi magne 34 SPF Fe Me ages «a 

CAE EBA e ce, OEE 8 RR hates 0 o 46 Mm Wik d ales WA %. RoR Bites iese J Py Fa tedf. Sevpd- Sn pa) 





PAAR A EDO MMe ih ote 8 29.849 ob hae. RoR De) ~ . i 

POA, Matte: Cart OROl, BO o DLAs © hod mern. of-04 & ry O homie. wae 4-6 tg 

DRT Gt ~ eB Date Rae aA AD fo Pre Baretta, Fy Ay 8 od OVER M Deed! BO DOA Dh ge oh ae We 
en 


pret lvaly ah Ath . 6 






Che 2 od Sah Caf Ree OF the hee 8 Ry Ok DID Mee aha UAO 
Mica aaaS rare aah mia 01D anhe totes Moh bel hsgna tre 
(P40 tta@ rere wer enbunte cieh ithe or ett © ee ee 


ag Gr & ofA ape Re BE te a 9 Fn Gene o> Ons oft + mehr 52 Boh wet A ori oh ae of bop Rs a] 
CAPO F 8 ARGO GOH 0 DRO ODS B®. PE Ta ER Bs R. HP BOT Ae Leth? @ 6 Nib 6 cans HORE 0 fe 6. BS ARM bp 8 OhIMD 
S ounce parame ethotes G0F ae A yF40s%, RO BIRR ORG 20516 P iintynt snd, ars 6 Onde 4. 9,0 
ay thro pp by L netin ct kd tae i ee TT ee Im B @ o@ & 
vaur-getit he ncue4t daptaengthplmmbep pecans Ura rtakie eee tT ae A vcgemiant ats wit 9 .@e 
ee oe ee err ary Bim nest Ay 0. Ook BL Oi OO 
Feat oa: Watt eipR da BeaBE oe, © oP Metiatia 6.8 SynCh MONS Bene oh é 
ROD. 66 Raye Se BAAD PGs AA Ei0 nA H eh 2G Ge MAR Abas WH O8 8 biel 2 Ne Dremne © Be O18 FF MHA AGR 2d ORE 
0 asses Popp tage rt Re dag 200-90, ES MAM 2M bok Rint 28 Ist bw 0k Orie ot A AtCDenE et 014-9 BS FLO 1 2.GeOO tet wd 08 8 
© tin an Side Ath berth BB Biel 8 OB COMO BILE GE £16.48 Oe @ DA 6 62 CIARA Moh AOS. GS) Khe MEPIS Os 4 
A aR eet CAINS Fal 0AM Seal 8-453 eT HS Pt ward gio shi MCB: mAb Me, 1 ob 5.0 bm 04k RAD Ms 
Rote Obi Rt, Bb ERPDRLG BER Gel OTE REAR Be. OM be. M. BFR abd AeA LBD © Fa) obebad. e.% 
POM we Oe Von BB Oe Rte En LO ARs Ree PAE RD Fohers Rake Ah G1 tebe, MLAS hehe = eART AS edt 
a in Sear, a POS B00 ot, BPM na OS ba Ab O. RM, RAE Oy BAe APR eonee1 3 Be ee ee : 
J READ T 2 tgp tathe Se Ele atin BAS YOO SR 08 tb Yon on oh bow hak, Le NR Be taBivee  Pralhe o 20 0 OOP Bat NM B- a8 bt 
een ta tact alte ee ee wee eer eS arr break e Pee er ee a ee eT ee ere 
Ay? BOP at.0 © SAMAR Beet ROS. Neh eR ah 2 BF: Sede i Tre Shh” Stevts DY Meal -Pob Reta 6 Side wat tahh at 
Cato tt bat, Bate Eta BA GRE: E-ees. OREO LEAD ALL BB Ds R- Beg 1 Onafe 0-4 SS ane dat .O°E s by Mo 2KE 0d gem SehiRu pen. Ft 5) 
PEA OA eA A Lame Rese Ohg oOo + oO t8 a8 ota, Ukr 16, to 08 MODISW.ELD SY MA. Oh ete> Bie ksh Aah tp het 
sod cada ARERR Akad TATRA ASO Fe ROR ADT OAR AiBate Ai) eM 60-9 Oot fel ik tied tar une e teB ue = ao cies ae ta U3 : 
Ar ene TMB Ne reramaRawinn LMBARE 8 Mate yo 28, reh Oy DALAL UAH «Doh RANG SaneK Sip o 1 of ed oe ue, Salgder 2 0 a0 © oe Bis oe ; 
Oe Dh Teaterin ge MER ol BME? Oe. Bo Cw Oat Binh tot Oi HRD. BR OBS HOME whe! 6022 eP.n58 008 ROCO*T1 908 Boll ef an@ t-Aus O5€49 1 . 4 aa Py an] 1 ‘ 
ryraiuipp vicina titragpememmetires eaeagunatiotnal wi amsaaen baat L aria. er ent Re ah hd 98 086 + ° ad *49 et ote ‘ 
Re 0G OEP LM. DERM BOP BP DEPLOY BO PD GR BEDI Re tr bs bb COBDS. PVOAw 9 Oo8 BE 6° Ondecatad 4s t¢ @ a G08 o.08 9a 8 J 
mtiptltiantigatapeagintplenes unde sanataennsaala nite tenia ada lhe WRAY. 0 08, Cote”, Ath) tom pam VIED. ‘eRe mas i f BPO Goegt ct ge & ’ t 
2 ors Bekah stn he tl Sent, Py enk dR aRa hinds My MERl m2 Ane M4 ee perdu d IIR Mrhlsherladas ts PBA eDEreuih & im ¢ Pos @ F # og LCI edt | 
Oe gad At ayy natal athens §, Winn stlb, MB Magee me salt 9 stelle sm Bong ee MO WrrshsE-nwr. ed ae A ae ae 4 > So ie Pes os @r ‘ ’ 1 
C2 SPAN D aD 2 OB ROBO hcl ys th AE DOE &-aths Beh ohh 8 ice ad bebrterd 1 OY »@egsnm 0F ‘ i | 7 
a Sir ae ae Sane Se Pa Ame -20 atelier, 44. OEE MAR Oe of, Inet, FAM Mad ot om ofa y re Ue TL TG A 
02 AON Cah hawt OD bch PROP ie EO ied cbt, 08 of. 1b aA EORID AB Ho! OG LVM ONT OF At Mad Op OED AAR MB 
OR PRL IO eA A RSE LOO A RON Gama ALL, Rats Ok, C1 COR G heh DeQeh ty 418 oh Oot w 
Oe Rr Oe Bees a had 4 EPMO Rae ERM A Oe Be ® ok 28). Both RiETARE. aan we Ode, A Meta WtsBnb 994¢-annee 2 CP ey it Sie ee a er a ae er) ot © e wee 8 1, . 
a OED 0 aw ot ela EY PRAT APOIO OE FORM ADD “he BAS Vote hon MEADS ek Hoh nena et 1 Fe Thee BD oy ot ool ORs Tet fe ke af ol 
fin hs benase OAD OARS Bs ORO le, Rofl o O51 C28L. §. Fo Gr Beh OH 1 Cade oH 08 oli. O 0 & od Lite Le ee Oe era WH tht Eos Onn e tg Oa La A: eS? é . 
OE ERE 2s 0 ng oe iat Vt AE Aaey™: Bohn Bh FRED Sohemaoemteh bs ORM ihoRonnte PAE MART d IA ILE Meh nok of Romed Sis oA, etfs «6 La) pieaieeiedae (Cie! TLE Ui 0sDeaae 
RA Aa DM MOLE BAT Os alin alh ot CLEA HP eM yh ctr Had 4 4 sty Re Os AGI oe 8d Ee © -osvetet.tn. del eors Of Foe #AZE Ot & Hohe 6 ‘eeuss @ ’ 1 
nt riba) am, As ert F's ok Patt oh MOORES. 74 OWT» 2 Ad) R210 DON MLM Metin or.§ Pale peur 4 « © ve 9 et) Ee Oe = li 
Sods C-dinall. 0. Angie ® inthe Ream end nihe? ahem, a : OR BOS ho ba eh OF het AN bid Ot Be thot © @ Inds ehieor a | @e Ey a.trf ye oenreo wat oe i } ' 
OO AT MOA NF a og et Ie ee OP POD ee th Gn Reha SE Rohe at ol yte, 0 9 Brat. Ade @ oh..e peed Pot 5 aye $e? is e 
PETS Rant Get wh: eet OR Glin Bnd Be Katee Mo Tig Peel Be ha 1 ROOM OREN, Seeds Os Bee Prat Dar Pel CHO EB kIe 248i 8 Wr8 t gee SOL 0 + og es * e 
PADD 0 OT OBS Oe hah a, Roo Ay Mem oe nS eee toa MDS, othe SORA Fo ret.at Pin! AAR 29 @08er ERaBirP. aoe Pape D e ae 
IE Re lA A ese xeathn O BOOS witch ND Rectal oh WB? CAE OS BIDS Bn OS OF 50 Bed 0° M26 4 Dyhedawos:-emeY 














LA CLOTS. .0 Ort. 8. 
pa headed hte tine ered tla ae 











het wha © sees ' © amaqty 1 ' e ts 
a aL et ee 2 O'hs ae | » ee ee a | 
Cio a i ee Ce re ha ints 1 ; 


mS 4 @ & 
16 ' 

































'¢ - 
staag $i1M EE @ AOE = m4 7 
Minot ot mm 1h mat aoopt ts Milas as 97 






















































































































Aste: Or 6 towel GS ao ft wen ' 6 ’ 

OF eee Ol nM ney, A. fa ER TE OER OGD m Bote. eg em oD aber henner 9m > Dig Ole SOs BA t Lealent & v4, @f.e1 a,us" 84 1 . 8 . 1 
ED Ce ae are bo | teh em Rin Met aD CYS MON MD) tes Fn od & PALS Eee whe Med 1G 0: Os Liat. 0 oh tar~ afo@% 4-08 € i & * eet : 
Pera af ad ap ame Aig Re yO RO ten. grat hate aeeete FS fie < ohh arar mae Meebo one 9 hIep. +o Freueotm =o of ® e ste 
quiaminaee ee ad al Pee le a a ee Ce ee ee ere ae ta eee ae 0 ¢ stn s0oret tt or oe 
Aaa 6 Worcieran-ahmaenieaie melthenasalt anol atdile atte ere Re 9 Or sume att f te 
Oe hal Arh od mtg aene tek on On We Bin BED Rite BS 0b MADE TD AO CRRPLOIR.D Roms a a a 2 see Ce Cr Se ee ee | é “de 1 * L! 
~Uthenengt teued ae 44th wink odo ee Ems OG" yo a #5aP A eas 8 8 Boge 0 Oat Pt hg 1e to. she 
Rypanekns 2. Ghted etas; Lanai roakin nn ecenne A geet 6 aR Aias fam Ritgeh het mR - tel Pe he a Oe ee ee re | e ‘ ’ eri 
tT eI ant ok ae tater Stieateeaeadended ab Bet et ee Set ate oho a BP cae 1 Ae a ean # geht 8 Mia Kuk wes) y Ber my 8 San te ny aoe 
® ©900n.0).ch crt | rttaaentemeninpemnia vabraee tet a tT a 22 Shot)  Pptabomeky ws, et, abo. 8 ay"s ants Our tp pad to os er he . 1 
wot hha or oh ete Ee als Ri Bn 8 tg Te ne Pee emo 0 et oe! coe +Or4af YI 6 oe «, Shae os * a a) e 
OAK eax 4 ane th A etere EPMA A Aah Aa biah: tri ayth eet @ Bol 401 cams tate « mh em Oat Be @e dt a « a? oo re | een bg ’ « ° 
0 atthe gee Sele aD ot tO al Ped nine A pict | Pier 5 Be, Pale imme bined eames s rr am " wat 18 a eo ee ' 1 1 Fist a 
Ne eee Pte PAIN EO P.O EDO MM ethotaPa ot AS, T OEM Gnas, 0 tuedis 0, aa & ee 1 a4 ae “nae B e Py of e ee 
sheen tatt tem-dechaatlt “teresa gina aiedamen dame, CE ean wipasns + 3 eo er ne ston i a 4 ' nn ‘ 8 
here tee = | egret ab ad ob tees ® +t TAO AR 8:8 11 Bae FRA, 19 IF ok aed tn bn tata sd tem Peolal + M1 y ome et wen cee | =r ra SF a fees te 
ete wheel ate RE Deke oh) am wat 5 obel. Apt tot ewat wt ehh oh oP a0, Bdtews cella’ ot et, let) & Fin Ante whore & elt Ae, hye, . pa teh Cv rn Se ‘ tm at "26 a 
MF Oar OE Bel Ota en) hate Aad Del or ot ae Meme hk Behl O18 ak Aetl Pomee Or MEA 8 6. Ot me Ogg ' eo were 1 o"8 e@ mSs. a) 4) 4 ’ *eone . 
© oP ata ot 0 28 tang inte vet oth wight tel were deta td amemtriahtt.0 i x PROP 9 0108 atten We ASFA. Cra BOOS 1 § find ga4s et "ge rece” 8 oo fae o8 1 sen 
at eel el Pe I eh Lis Oat Al Hal A ett ty OPM, oa hy oh kw. OOPS OS Fotos One 408 5 Pale S908 Me mem ER FADO OE tos de Meee oO kt he one . . 
1 Peni etgtnle ohgtn tat athe eat sinter Bent te gli INARI Ie I0.9 ODA SReMAMODOs 4! DAE AAh 8 Mine EBL e oo. Habit tam ao'et cada . Sei, Werden ail peesly . wo iP a 8 
N88 ot ges wma dm? ahh D ad 2 nina iO ORE nb, bynben de Get S oBABs Ab & renee EE et 0 oh oO 8 pe b- 846 o6 eet ot ee Sate e'ele ae te Ci ree ier - 1 

: wile in tnnts Oh ein oe F104 Ohad 8 Oe eh Owhs 14 a amir be wigd 1-0 e. <a ar ae Hane a au id 
at pied 6 9 oF Jeet mt vle Ratt Bel tel 6b te P nth ce 14104 wt ad on Bee IGP 8 NOOR! tO we Bge ces + 00 4at ob at 66.8 Oe, Sorte tot #0 © @rtnat e 
Benin watt et AD edn? = VihioD gt abt Agathe ttovet & ep palndhleek gtd tcniaie doa ae a Poe d 4008 a | 6 
- PDR 8 aid AAPOR E BR te Bat Cet A ce bw tht lh Most eo et mead oh «Oe TORRE nian teed tnd « He ¢ . »p «ee 1 oe Treat - 1 
Patt Panngn pat abate tlm gS oth Pat phate fine tated BAiteh ciattcheRebn bimst one oF at 4 met oe ty e,ihe ' » ef a * 1 1 
Patni Fe 5 1 NOME B 0 en 0.8 bt at ae Fe bf one ate dae al Smt ot 11 char Ht sagt ita me Rapp .° C.me 1 & 4 @ + O4mit @ Oe, Ceseo a1 oes ' € pe - : 
Reh ga eae Ae A003 BE lia eID tel Abe ARGPAM ode 20 OF a0 atom. Ue boom 9 Sef. Poin © ol tf Oh ome ae ee a vee 2 4 ool ' ' a | * 
awe tat Fast d aie e Oth 008 Onl A se ctv abe ery ete Ate gertee womew 1. ee 8 $e &@ Petbattee 5 sia . “yarn es 5 ' a) 
ad er aS att ah Mahan pal! Poke mrt ap eee shew d an ls tatm? mone & . aa rseerake@® tip e ak Qe 2 oA Ways os os waereoes ara ® 
| adie eR FB hha 00 a eal odiursbatreninn DP Cute ad amt, + ag onpe «a Cob sal @t cpa kamen : bh : tae « Paar) 
a a ge a ok hte ae os Yet the R OR Dee eerie amokss 2620 aliens ter ne | « ' we os . ‘4 a 1 . 7 
Neted 3a: bie) dnd an ot gether ese Ood my tde meee . ene ne Pe a a0 
Aunties dda aad Ftd oA Gh ght IOP 2 hah 08s oe ate'e* ine hem in F ofegs gitel a 





© ad aad ihe S Foi ot eran downs at ett Riveat he neds. dap Tard on amet Sas ot wad. sn nmtor A ths 


FiO 56 ere trdeie eet ot et 
at 






Ot ae et net! PD 0 BE at we Raat A ots Roe OO wig ae igh tp? ads b+ ghia daligh>- Matty ody 











































































1th © 1 rie : 
95 I aS Oat Dee tbetin amebat gt hboDimm tnt aig bh thn gee Parca Se ree ke ee ee eee ° ats 
nL aeeretiee-ieeemadenientediioaete whe den al dl ihm TT ee ae oe ee Sint athe Fided wea “ig tek tet ' . 
et et 902 0 le En Aee 0 ts mab we ot reopegt ALG. wm Felathe wad ola tie sake T0034 oF badd repeat 1 g's) sot : A 
2 whem fa tetatent hat bas ae 9a! aarnnmeriy adh ain Ais he ee 1d Neher e266 e109 228 ead A cae gtd» 12« ye 
oh he PET Oad tot Anne Bust teenh (entek. Areal sth tial ce al? 1 Osbm Red tambo ed se an tod : , 
fe a Pw ime uy ote brn Ah sh teled apte®, gutet ge hhiie ot et tied am dtd dy od @. GO eR See A 
ane i anal iS Gitte ss wt ae Kaden ns Siten genital o's caemb? Co O16 Swe ‘© Romst ies 6 ree on 5 
‘Qe a wt eet al SE gt ab eS ee eee iho Pe Salo A - 
peed ee Dee Me gr tat eS oF she , ¢ egf ete & hw ‘ 
Ret ot ete Mt eA Bb od winf te hampers et wh ot nBed Aaj oP!5 Fi ahd” at A Steegtaa ps 4 a ee a eee o@mn “Shae : Baas. 
wpeAdtmme “nome Fe sd Sad ab gam scnweb Doth ‘ : igris sen iig 2 sun dlbTeans i paereuan . ree 
prs a ai z. apt A * ger we owe wh de aife ie eg Fy Pan reer ak 
“ 0d fb od, pret, of ‘Mei - "et deototcmmact ah @ | ae Sieg) ous) es oon st wae ' ee é 

at aad eT pats PK ee Ok Runge oe 0 do ee bata Sana teNg an mae rs aaa ae 
Sl waite Sain : : a feces 
PL e mice te’ * e : 

TW Re ee ele Js” - ee ila : i 
PW kelp wis it i ; 
We. wa ateiei a, MI add hinsiza é , 
Waar we PF Mw FS Sita y De! ree ; 

tet ears (Bd aw etlende p Pe 

Pa? 0 RI bd. Lae E aan 

> a 7a erntase aA yn See ra A of. 2 : 
3 Fier ot oh Fed wt. ART cum & Secs Oud at se oie 18 ole a 
af BRO Teh berary ert imate PA ete ol ta lle te 4 
ee es = > ald eos Sie oe . see ' 





s J ! 

ee oy Ey tte a es ee ee Pe ar Fe ses 5 E 

AB ati og Baia gn Wb Pead ee had at PUP ty ie, Po be By Bwawe ai ped Bi 

4 te MI KS aE. te Ket pralee 10 WR « CR PD SU TM ood 
col i IRs ot Pe tts ee es ae Bee 

FS PA SON Set Ta oF Fiat eye 6 08k : 

es gs ot a ee 





\ 











~, 

roa mao FE Th ot”: 
oA SSS Sacts "Satie 2 
be > Se BAa* ce SIR 47 







Jw Ewta~. a> A 








oes 





=o 
its Yen MeO 
if> 


ean 


¥ 





io) 







FS Mh 3 VPS oS Sait 

Pitt Ratt bie te bt ie ites 
25. FENN LS Ee TS, 
SEN SE RSIS OSL. 8 ag 
A nk dt, WS : 
“ft Pasarne - 2 cece 
ally a eee ee 









od 



















PF POS ee . 
be cach apetl Ter Sane dt abo 
= sheehs 


Pw SE 
Ce 
i tar 


Se at’ 













ay! 


ee SED SS le POF em FOP Mem F849 A072 czem y 















mateo o 


































































= . u fee Py 1 “3 rae 
heed betel tees be den oe ee OeF Sete 0 we 
Paty ter ghiserseracta sig yoga e ates 6M wecgened aes as + ee: 
° AREER in Ra a bis Le el ie bE ° ry ee ms : 
5g beeline beter “Goer Syfete very gta “omps, wo \amyeas ye SFR Gs pees ey 7° : j ; 
1° 8 Ee APSE Push 2% a tymeny fee om & resereeWee, bey Me bt ahah alae det th co 4 ¢ | . Ss 
Fe RG: maP we pey oy by Oo Err eben b. Fi Manages evoke oy age | 7h de Lye soeen ‘ . s.¢ 's # ee 
paeatehdee tecibiete te ink cones ke ee wow are ton <u Pa Fr om he 
ris 4-2 ot bio oh die, olepte: 4st Sh Louw ahaeie goes 5 eyeXseoum 9= sss tonnes opt aD ‘ 
oe cs Care ery fc eratE Se = se ae * sweee “ee et em, Refesqceteca wee. og saFve tase del ates * Ae om a : 4 z : 
opto, tak "im.t Tos PEF A MEO S Shope Pave ~~ 9g May! ‘arte ytets fecp wer pales In ag sierai a0 ree ° 
ROG Coy way gy ee ¢ SOM SA%y! © R fe Ope ys at et ro es ne . ' p é é ; 
0 F070 206% cosy?) Oy 89/919 98 200 Pak gists Secale ate y = ae eho a a 
Rerteeenencuie ? — 2aae Leret Smee Sam cue te 1s 8 oy te e ’ ‘ ’ 
Save PSP PSE. Po tzea ts? Le bbe et Lats ete *, e< r : ‘ ae ae 
04 Shag ~*~ See we Pl IR, Pele ty tg “4 Saree 4 pe 2 Ciena es oi Sm Se 
pe L La See ge ab See Py ry. of bd Soke ho. ee pee 999 P Oe oo he * oid teoeg et CY ar gene < a 
pubs aubd- fics date, 8 dorian oc hola ee eat eed i Pod de ed CLS Td x ee a? el ale 
Load Soy atria ment “a0 ese yas emerge pec eas ative: oe Zl ‘ 
gn i ay tats, We. tette to ik So Cahn hi te he te ee ee ot tet wm*adect Me sars Beam «05a 8 eer y the hoe 8 ee ee 
Soothes 2m eh ey Pg" 3 oF wy hey Sp mire 181598 COLO Sal BES e y y B-eHel tess yew e8- 0945 he Tir aX ' 
8 rept ae ee "WACRe = oo hope Wyss © ptr lepedace DPasace AM |PO PO 










rah eT 
itn gheel des hin en 7 Ea ee G 











































































































































































































































































eoMetrs ae ePusey an 
bere Army DPR $0 Rout, cam em oralyrers' ery ay Co HB =EIA Ere wy gee ie: : *¢: re we S9¢.t biome e 2 8% een a8e ae ry . ° 
et & wee Rp SOS COPE + | My PERM S PEMeg Ce “YS ORs SoBe: OPQ le | © Ea tesely Ne ) Pigdta,e 7a, Ae .Q sere t re om 2 9 © : . ' «0 1 
—~ tote a SO WE FEA nt OF eh Fm rye OD PEE me | 6! SRAE se TEED MH MU ee HOF Oe me wwe "eUNEos 0 ered WALA eT EN ope ee 
ener Ey re PE Se REWAES MYL AG ERI HEIN YSN SO OOF @ OeeE EI ere Or Ma cR yD Cyt erere ae ser aye 0 #tere Hie ae Civis 
I tnetaed, youn Oe bh Meth tt Deh Medal Dole EL ed ed 2 ed 21 Ose Ie see en Ae 2% 1'Bey ° ‘ 
. whe Byte 0 “re BesS Fy EOL Pare & ww % Fe Ree Veh TD 4.848.868 Ornte ve e 
1S Com 9G ma PEPE py bere SES Feo] & "8 Pl Cee on, 8h BO Card pe pews: PP Bes Potyetsn 16y ee 
te FO. WG Oars OGtern oe Peres Ae PT PKL onde Se eremeas Pmacadogsaseg % Geer@eNtige: eq ww 
SP SRT e WT UR YY Dam, GS ee SEPP al Od ete Cats se logy ait meget sitary t . 
a yh edith oth habs tenn Tetned Lis belied laa tet | BISSe {e 
are sD A deep POs! Fag gree ees befeeeres “SO PeE lg yal eee OHH eR ow + 8°". ate em 
. SEO Fosse em, OSG Rahgs 9 19 7a Ge Che Mey Om, ar 7 ORT ON “Gyr een 10s Be RP ereraTh -g 0 vio wm 8g ° 
PE WPL VES Sas PU” OPE Bmw 9 Tn G3 OR EFS Ow 10-74 CEN ead Pome Oy ; es ah ae BH% bee 08) ame 6 
dpeppbhendasngdywredteembden a rote tet mame (UEP poetgeereg a OFare Mere Seoe em © & + Bel Eley * 
Ser oretureny (So PReRT Ee wer Y tet! +. Fadl Cone te guys», PROM RD Oe o pe UO Oh fete g ry 
Qe bbe Supteh, glimtectee beeen et Pal ete lak. hel SEAT FOr arr see { 
& ee FOR Fe Pe 8G egrets PRP ome : 
Pere IEP ee Fee Ae 21 BREE * Ot: U6 t¢oqare 
re * tn aag badied <teachibedilt. Stecuast adhe Camedud & Le tos 8 ' « 
jah AG ele diedtien ae he tla fat ila es Oper wer ade ry eet oe 
ad anllly mentite Linde di ash Seach Sheds 1S Paso? Boma CUTEFE RE Se wrmmee'D CRA E4050 «7% +e aret & e 
pat pl avtagsbvtebseb dead nines oh emambnee pedo laren attic ah) Pt OPA 0g le eke Beh a) CT 1 a . * . 
: a “Ee 9% OOS oo Tey S2erk<ptgre’t iD BS e oROR! B68 BEE my oe 2051 B ty re fore - gh er. ks bo i a er OR tFe o +. aw e oo te an e r ‘ ‘ 
‘ees papaya SPR FE “SAFE HT OM OP Mm rt me hos ty “0 oO ce ete ery-d YF 1) FO GtO%e HU-SfPPN OT Es Ig S.Roge 1y SedaTOR me 6 © 5 stats, os te 4 
Speper te Speedin Sample. ced i Nedod he WOE! CROP ER ETE fo Br RoRT AG) Srej80e 0 HBA OEM ae wu tie'e ek Meee Bede Lt, er 
baht intecioy WS Sbree +50 19T Cereres or be SG EMG ~y OME -O Pend 1'EMIDA Lee oat tereciue pug . ° 
CORD 7b Hh YEG en Oe FQ WEP "88 Ct OME Mm Mee o POs 0 Rte re Swe 6d ode Bevo gs pais ‘ 
Ste dubhtadhlbeN tbe th Leth, hedhedet Mle Ten at ee tL eee et * CURE G2OER + BEET Femme Rs 1 Ho ; MAR 1 .# ° 
hathtehhh-he_tn te bh belehivlbenaniiake Lert pte Adettaed Ha ha td th Leak aha to Oe Po sot, : ee es 8 
‘a Rihpe OP Ete Meee ~ on 6H 2 SURFS 1 orrem, Wyle! eR Ee wesw TH teerd Pe tots Cap Efi Oe! Power dareag, ? 16 ° 1 
Meee plenty + hapeepetb eclipse bes pater TEVA ear seer te TS QTO se 1016 HEB Ag ay of tye Us oe . 
-e7e- 40°@ ©: e +69 . 
(Oo 08 ye SES APOE, Day oy euestan ™~ Weesereng ietaree: Denesen “eloias : “s ws abnor tere a ) eg f . ea 
1 O08 0O8 E80 90 agsEr et re*b~pe°g 1p ob eer 18 pee HIP ODY re: ye? fbtve 1 104 @ = ere@ar 9, , 4 ' ' i 4 
7.) tm, 998 BT EGE STEME SOM, Pwee Le RP sere G88 47 OF bis oy, & » ' r] oo 8 6 ae & ne 1 ee Cyan | » i ' 
iher terntoge Doha het pateheh edd bela ieda then th itt er kT oo1 Hy Ch Co ON (Ge MiNi nace acer 
ible Lenthendbunid-chtblei dL ihte hale line PS ERR Pees 14 e Por of ahs e& a ee sep 
Ate Highty hhh sdeatah Me liasttilinds hte, ty rte te todo tetanic 2D Pe Dot oy, rs @ UG ergs Wide Goety re esse ’ 
ys apes eater 80 tape an core ee wee SURON 409900 995 WPTECRIE ONG Oe agreELTw ey lyre eta me oinrany be sewn el. t 
Ot Ot¢ oe 9he blr <- Peles fly 2b hathent Lapa pita bes bt te he te Ph a Wk LL BOQOU! Oram, *s ie q@ tsb Pe | o , 
ara ord Gyre e%e Ow Fae rbee 010 © errrech 10 POFHy OL oSEE TOS See. CxS 0 Yees & a i . a) 
> womnys: FESS Comm RG Sep very BPET EE = y e1ecaye O°R Bl A-G18 70'G 01 &G ORES 2 ee eT | ’ ° 1 ¢ 
opel we OE hndelepdde doves Adi hentia} balled tet. hh oe jut dds Tea de } Peeeieig Mines te @ 1 ae 1,98 wes, ) 1e 1 & 
1 id s . 
07008 @ wWe,e 8 g'e ae0@ Ph oe eee 
Ct Wererwee teers Bored te we gn, : : 1 
21 poker k eee 8s gta . ¢ 
ea yr @'s at 
hs Bits ocd —SMTete. A e pat ‘ i ' 4 a ' 
‘omnes Wor Qo! eVE'S'on4 © oe ve +9 ‘ 8 
Le & eyrey OViyrmbay ele eg Lees e a ‘ Z ¥ew rs bitte ¢ at ' 
watittowty atetaeLivete es neers gente fh SY 
° O°m' eh yl Qh @ > 2 bs Oh Rho-w: a) we 
canting feet apa an Khanh 1) Lgubaphandtydintinnh taka t Louden eh Labs Uesere ® Mite. ms Orc-ete ; ; e , 
we fipeste oa Bi tc ac © Bee Hhatt-teadh it febpbbrlye te ala ante amie tyes Lf e ne oe ee hc ee Tr ' % 
2 t— arene were rere v ere wa A 7} e 8 es . 
' ade é a ' 
© lee > BY U1 0@> Sove'etepydy 4: whee © VI°H sw ¢ j er " r > 8 € c bi 
¥ SM Ols Ore OF stelor ay & ER. WHE Rte # o1 y 
Got WH g Meee Oo herd @ ly ts © 8+ ee s ‘ ' ’ 
|] Whe elerardeyy & 4 ve US 
rT? i bo Le ni ae ste 
S' eer ee er ‘ a | ry . ‘ 
L remen * ry ‘ see ’ - 
1 hed 1 UIGTR gem stper'e @ Whi. mts ew ee Ce i ir ee ee ee eT ‘ ’ 
$6) 16Q A FeeQe OttOm De TEbtbes Ae & wy ee R teva te teem oe a Or ey ae 6&8 . 
a “o arunonesene se u ete Sete Bee 11 @ o*/9 @ seh ore 8. ee ‘ore ' ‘go o 
baad 7 wt? eo fev.) OTe eae ome « Ue ,e 8 oe $ i 
papbterphatosatedek a is) vanes fe tle bh iat Lei) ane e-O°RRN 0 8 fw % “0 " we. é 
mevarereromsorerometeeetini yee - PUG Os Oe Ose ride 8 UTS Sa des oo Na CD oess : 
by . ° © et es ' ‘ 4 %¢ 
mutaehoot. ak yy ee OP O2 Be ene ev we ac 5 rer y Sa ee bd pa o sarenee eve of Ne oO a a° ‘ 
Se eeent ce nycurere tame SAT re Getta be oD ew 54 te-W st 5o LWHP FTE! DME OE KN 8 @ 4 eG » 8 r er 
SU PWR ERM Arsh? 018 WOT s ae ate ee © O70rk © ieirTE re DH ys 2 ae i a ee © ©@ ane ee 
me A aoe ry G10: CFE GPCI TIO? & eg 1P= Ere ee “0 ¢ i . ° ‘ 
af Th dak ated O60e © att on 3 : ; aScaen et eh. ’ “4 ws oe 
Lahiiy Medinet £0 Sh th Pn bak WMeey'®D o®ele ume . 0 O0R is be 4 
A -FEIE HS TRIE: esse ~~ © 1 e 
OPT E SOEs eed wigs oon : ’ ¥ 
enw Wis HIe Yoyw tei ‘ ‘ t) oe & i 
ow ° iw: 08078 ede nla) Oo Ar Reet ; ; 
OPP wr ole rae pe NT die ddl ee ath a ee , & te Ae 
bichtt, Fiosat, md te Om, : 
Porknthy nantes tite KY gre aiene w cereinn ere awe 40 hie ' : 
1 FOE SS ETE EE EP Yt PE “e7@ &-4087 orbre 
Hinata ae tate bal seg el tas ed, : + Pd 
. veeetBe , mn) ' 
lee ‘PF 26 8 
a i oe ee e = . 3 
'="O’ Om Coreen 





DUDLEY KNOX LIBRARY 


i 


The Graduate Record Examination (GRE) as 


ll 


‘ 






























